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Abstract
As federally and state protected amphibians, the California tiger salamander (Ambystoma
californiense) and the California red-legged frog (Rana draytonii) are recipients of ample
management focus. Both species face a variety of threats, including habitat loss and alteration,
introduction of non-native species, spread of disease, and effects of climate change. While
management plans for the California tiger salamander and California red-legged frog exist, they
frequently do not consider both species in tandem and often contain multiple shortcomings. This
document aims to address the shortfalls of current management by providing practical
recommendations for jointly managing the upland and aquatic habitat of both species. To inform
management recommendations, a case study was conducted to identify deficiencies in current
management. Literature review and personal communications with experts were also utilized to
provide detailed accounts of species life history, habitat use, and prominent threats. As
sympatric, biphasic amphibians with considerable overlap in biology, habitat, and threats,
management strategies targeting one species often affect the other. Joint management may
facilitate management efforts, aiding in the recovery of both species. Livestock grazing as a
means of vegetation control is identified as a principal strategy for managing upland and aquatic
habitats. Other tactics include non-native species removal, pond maintenance, hydroperiod
alteration, disease management, and construction of wildlife crossings. Surveying and
monitoring are valuable tools for determining management needs, observing changes, and
encouraging adaptive management. Management must be approached with a site-specific
mindset and continued research is needed to improve future management and promote recovery
of the species.
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1. Introduction
Globally, over one-third of amphibian species are at risk of extinction, making them the
most threatened vertebrate taxa on the planet (Stuart et al. 2004; Hussain and Pandit 2012).
Amphibian decline within California has been well documented in recent decades with eighteen
native species currently considered either threatened or endangered (Jennings and Hayes 1994;
CDFW 2021). This widescale decline in amphibian populations is attributed to a variety of
factors including habitat loss and alteration, introduction of non-native species, disease,
pollution, and climate change (Alford et al. 2001; USFWS 2002; Thomson et al. 2016; USFWS
2017). The California tiger salamander (Ambystoma californiense) and the California red-legged
frog (Rana draytonii) fall into this class of declining amphibians native to California; both
species are federally protected under the Endangered Species Act, and state protected under the
California Endangered Species Act. As protected species, the California tiger salamander and
California red-legged frog are the recipients of ample management focus by agencies at the
federal and state levels.
While management plans for the California tiger salamander and the California redlegged frog exist, plans are commonly outdated or may contain considerable management gaps
and shortfalls. Current management may benefit from updates on the natural history and habitat
use of both species, as well as modernized management strategies, as continued research yields
new information. Additionally, existing management plans often place emphasis on aquatic
habitat, frequently overlooking the importance of upland habitat for both species. Other common
management shortfalls include a lack of consideration of factors such as upland vegetation
management, effects of eutrophication, effects of new pond construction, and a general failure to
provide practical management recommendations useful to biologists and land managers (J.
Alvarez, pers. comm., October 13, 2021).
Another deficit of current management is that individual plans rarely consider the
California tiger salamander and the California red-legged frog mutually. Management plans
often lack joint consideration of both species despite their substantial overlap in geographic
range, life cycle, and habitat use. Because of the sympatry exhibited between the California tiger
salamander and the California red-legged frog, it may be beneficial and efficient for management

1

plans to consider both species together, potentially saving time, money, and resources (Alvarez
et al. 2013b).
Only one document was found to address the joint management of the California tiger
salamander and the California red-legged frog. This management plan, titled: Managing
Rangelands to Benefit California Red-Legged Frogs & California Tiger Salamanders (Ford et al.
2013), is covered more thoroughly as the subject of a case study presented later in this document.
While this plan addresses the joint management of both species, it too contains shortfalls that can
be addressed to improve future management. Ford et al. (2013), focuses on management from a
ranching perspective and not necessarily from a species perspective. Therefore, the focus is on
issues primarily applicable to ranchers, deficient in important scientific information such as
threats facing each species and implications of climate change. Additionally, updates to
management recommendations may be beneficial as new data and information has been revealed
since the document’s completion in 2013 (J. Alvarez, pers. comm., October 13, 2021). By
incorporating more current research and management strategies, and applying a species-centric
approach, this document aims to develop a more comprehensive plan to improve the future
management of the California tiger salamander and California red-legged frog.

2. Research Objectives
The goal of this document is to provide scientists and land managers with
recommendations for managing the upland and aquatic habitat of both the California red-legged
frog and the California tiger salamander. Additionally, this document intends to provide detailed
ecological accounts of both species highlighting life history, habitat use, and threats, to provide
readers with references to peer-reviewed literature that may be useful in informing management
decisions. It is important to note that the management recommendations presented in this
document are not intended to serve as a one-size-fits-all solution for the management of
California red-legged frogs and California tiger salamanders. Management of these species and
their habitats should be approached with a site-specific mindset, with consideration of the needs
of a particular population or habitat. Additionally, wildlife management should be adaptive, as
new research and information may alter management goals and strategies. Therefore, this
document is intended to serve as a template for future management, providing recommendations
and guidelines based on current knowledge that can be built upon moving forward.
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The management recommendations presented in this document aim to address the gaps
and deficiencies in existing management plans with the overall goal of improving future
management of both species. To accomplish this goal three questions are addressed:
1) what are the management needs of both species based upon their respective threats and
ecology?
2) what are the shortfalls of current management that can be improved upon?
3) what recommendations can be made to improve future management?
By addressing these questions, this management plan aims to provide a comprehensive document
that can aid in the management of both the California red-legged frog and California tiger
salamander across their overlapping range.
The methods utilized in the development of this document are discussed in Section 3.
Section 4 consists of a case study where an existing joint management plan is reviewed and
analyzed. Section 5 and Section 6 focus on the natural history of the California tiger salamander
and California red-legged frog respectively, with Section 7 covering the sympatry between both
species and the overlap they exhibit in habitat range, habitat use, and life cycle. Section 8 focuses
on the variety of threats facing both species and reasons for their decline. This is followed by
Section 9 which covers the implications of climate change and potential impacts to each species.
Section 10 contains an overview of management recommendations, with upland management
discussed in Section 11 and aquatic habitat management discussed in Section 12. Section 13
highlights areas in need of additional research and Section 14 contains the conclusion.

3. Methods
A comprehensive literature review was the primary method utilized in developing this
management document. While peer-reviewed literature is the principal source of information and
data, management plans, government agency reports, and unpublished grey literature are also
used. An attempt was made to reference original peer-reviewed sources when discussing basic
California tiger salamander and California red-legged frog biology. However, when applicable,
contemporary peer-reviewed literature was referenced to present the most current information
and data available to inform management recommendations. During the literature review process
areas in need of additional research were identified. In rare cases where information specific to
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California tiger salamanders and California red-legged frogs was lacking, literature pertaining to
comparable amphibian species was utilized.
Personal communication with experts in the field was also used to gather current
information and provide insight into topics not thoroughly covered in peer-reviewed literature.
Interviews were conducted with herpetology experts Jeff Alvarez, Wildlife Biologist and
Founder of The Wildlife Project, and Jeffery Wilcox, Managing Ecologist at the Sonoma
Mountain Rach Preservation Foundation. Information gleaned from personal communications
was generally used to support peer-reviewed literature and was central in the development of
management recommendations.
A case study was also conducted to provide insight into the current management of
California tiger salamanders and California red-legged frogs. The case study was centered
around the review and analysis of the following management document.
!

Managing Rangeland to Benefit California Red-Legged Frogs & California Tiger
Salamanders (Ford et al. 2013).

This document was the only existing plan found to address the joint management of California
tiger salamanders and California red-legged frogs. Reviewing this document provided the best
insight into how both species are currently managed and allowed for shortcomings to be
identified. Developing an understanding of current management provided the opportunity to
locate areas where improvements could be made and aided in informing management
recommendations.

4. A Case Study of Current Management
A case study approach will be utilized to review and analyze the document titled:
Managing Rangelands to Benefit California Red-Legged Frogs & California Tiger Salamanders
(Ford et al. 2013). This is the only document found to address the joint management of
California tiger salamanders and California red-legged frogs within a single comprehensive plan.
This document provides insight into the current approach of managing both species and serves as
a template that can be adapted and built upon to improve future management.
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4.1 Management Plan Overview
Managing Rangelands to Benefit California Red-Legged Frogs & California Tiger
Salamanders (Ford et al. 2013) was prepared for the Alameda County Resource Conservation
District by a collection of six authors consisting of land managers and biologists considered
experts in their respective fields. The document’s intended goal is to provide management
recommendations applicable across the full geographic range of both the California tiger
salamander and the California red-legged frog, with the intended audience being any entity
involved in the stewardship of either species’ habitat. To develop this management plan, Ford et
al. (2013) utilized a variety of peer reviewed literature, grey literature, personal observations, and
personal communications with experts.
Section 1 of the document introduces the California tiger salamander and the California
red-legged frog and provides an overview of the management plan and its goals. Section 2 and
Section 3 provide a biological synopsis of each species, focusing on life history, habitat
requirements, and reasons for mortality. Section 4 describes general management goals and
guidelines before providing recommendations for the management of ponds (Section 5), vernal
pools (Section 6), streams and miscellaneous habitats (Section 7), and terrestrial habitats (Section
8). Each of the four management sections highlights the respective habitat goals, explains the
corresponding management tools and activities, and concludes each section with a list of
research needs. Section 9 touches on broader management and planning on a landscape scale,
and Section 10 concludes the document by highlighting three case examples of habitat
management (Ford et al. 2013).
Within this management document several important acknowledgements are made. Ford
et al. (2013) state that the management plan “should be viewed as a work in progress” and that
updates should be made as continued research reveals new knowledge. Additionally, Ford et al.
(2013) acknowledge that there are differences between populations and habitats throughout the
range of both species and mention the importance of site specificity when implementing
management strategies. Ford et al. (2013) also describe the value of management planning and
that setting goals and understanding specific needs may help to avoid causing harm through
over-management. While these acknowledgements are vital to successful management and
valuable information and management recommendations are provided, there remain numerous
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shortcomings that can be addressed to improve future management of the California tiger
salamander and California red-legged frog.

4.2 Management Plan Shortcomings
From a biological standpoint, a considerable shortfall of this document is that the
management plan is primarily written from a rangeland perspective. This is evident solely from
the title of the document: Managing Rangelands to Benefit California Red-Legged Frogs &
California Tiger Salamanders. While rangelands undoubtedly serve as vital habitat for both the
California tiger salamander and the California red-legged frog, as these lands offer sizable tracts
of suitable habitat largely free of development, they are not the only areas where these species
occur. As a rangeland-focused document, the plan appears to primarily target ranchers and
rangeland managers and not necessarily ecologists, biologists, and other scientists focused on
California tiger salamanders and California red-legged frogs. This is evident by the lack of
scientific data and detailed information surrounding the threats that each species face.
A significant shortcoming by Ford et al. (2013) is the lack of detail regarding the threats
facing California tiger salamanders and California red-legged frogs. While most prominent
threats are mentioned for each species, minimal detail is provided, and no specific data is used to
provide context to the severity of each threat. For example, a single sentence is used to discuss
the threat of the fungal pathogen Batrachochytrium dendrobatidis (BD) to California red-legged
frogs with no reference to peer reviewed literature and no mention of potential mortality or
specific effects of infection. Impacts from diseases such as BD and Ambystoma tigrinum virus
(ATV) on California tiger salamanders are also only briefly mentioned as being “potentially
harmful” with no supporting data. Additionally, the fungal pathogen Batrachochytrium
salamandrivorans (BSal) is not mentioned anywhere within the document as a potential threat to
California tiger salamanders. Threats from bullfrogs and predatory fish are also mentioned
briefly as a significant threat with no data provided to show their impacts to California redlegged frog or California tiger salamander survival through predation or competition. Detailed
information and data surrounding the threats faced by both species is vital to understanding how
to properly mitigate such threats and effectively manage the species.
Ford et al. (2013) also fail to mention any threats associated with climate change which
potentially has wide-ranging implications for both species. While little is certain regarding the
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possible impacts of climate change on California tiger salamanders and California red-legged
frogs specifically, there is abundant peer-reviewed literature discussing threats to amphibians in
general as the effects of climate change become increasingly tangible. Because of the potential
long-term implications of climate change on amphibian populations, climate change and the
associated effects deserve some consideration in the future management of the species.
Within this management plan, Ford et al. (2013) fail to mention the term sympatry or
make any specific mention of the significant overlap between the California tiger salamander and
California red-legged frog regarding their geographic range, life cycle, and habitat use. While it
is implied that both species utilize similar habitats and management recommendations are
targeted at both species, explicit discussion of their sympatric nature does not occur. A thorough
understanding of the sympatry between the California tiger salamander and California red-legged
frog is vital when jointly managing the species and a discussion of their extensive similarities
should be included within the management plan.
While Ford et al. (2013) generally provide sufficient information regarding the life
history and biology of the California tiger salamander and California red-legged frog, personal
observations and personal communications are heavily utilized in lieu of peer-reviewed
literature. Although the personal observations and personal communications are acquired from
experts in the field and are likely reliable, providing citations of peer-reviewed literature offers
readers a catalog of verifiable sources that can referred to and used to inform management
decisions. Support from peer-reviewed literature was lacking on topics such as disease and
habitat usage. Because this document was published in 2013, peer-reviewed literature may have
been unavailable for some topics. However, updates to references and increased utilization of
peer-reviewed literature will likely be useful in future management by providing more current
and certifiable sources of information.
Ford et al. (2013) cover many useful management strategies applicable to California tiger
salamanders and California red-legged frogs but fail to mention several important aspects of
management. Within the plan Ford et al. (2013) make no mention of using air rifles to control
juvenile and adult bullfrogs. Shooting bullfrogs with air rifles is an effective and widely used
tool in current management and should be included (Kamoroff et al. 2019; J. Alvarez, pers.
comm., October 13, 2021). Additionally, extending the hydroperiod of aquatic habitats by
artificially adding or draining water is not discussed and may be useful in promoting larval
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survival or excluding non-native species. The installation of wildlife tunnels and connective
corridors is also not discussed as a method for improving habitat connectivity in upland habitat.
Ford et al. (2013) also disregard disease management except for a brief mention of equipment
decontamination. There is no discussion of the management of diseases such as ATV, BD, and
BSal which are known to have negative impacts on California tiger salamanders and California
red-legged frogs.
The remainder of this document aims to address the aforementioned oversights and
shortcomings of Ford et al. (2013). The subsequent sections provide a more detailed and databased discussion of species-specific information such as life history, sympatry, and threats.
Implications of climate change are also examined. A variety of peer-reviewed literature was
utilized, and when applicable, the most current literature available was referenced to provide up
to date information and data. Contemporary literature and personal communications were used to
update and expand upon management recommendations. By addressing the various shortfalls of
Ford et al. (2013), a more comprehensive document can be developed to improve the future
management of the California tiger salamander and California red-legged frog.

5. Natural History of the California Tiger Salamander
5.1 Legal Status & Taxonomy
Throughout its highly fragmented range, the California tiger salamander is classified into
three Distinct Population Segments (DPS). DPS is a term utilized by the United States Fish and
Wildlife Service (USFWS) to distinguish geographically separate and genetically distinct
populations within a single species. The California tiger salamander is divided into a Sonoma
County DPS, a central California DPS, and a Santa Barbara County DPS, with little gene flow
occurring between each of the populations. Each DPS is listed separately under the Endangered
Species Act with the Sonoma County DPS and Santa Barbara County DPS federally listed as
endangered. The central California DPS is listed as federally threatened. Under the California
Endangered Species Act all California tiger salamanders, regardless of DPS are listed as
threatened (Wilcox et al. 2015; USFWS 2017).
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Figure 1. The geographic range of the Sonoma, Central California, and Santa Barbara distinct population
segments (DPS) of the California tiger salamander. DPS regions are highlighted in purple, and the yellow
points indicate known CTS occurrences. The point labeled “Los Vaqueros” indicates the study area of the
associated research within the Central California DPS range (Vincent 2014).

While the California tiger salamander is divided into three separate DPS, they are all
considered populations of a single species, A. californiense (USFWS 2017). This management
plan will primarily focus on the central California DPS for several reasons: (1) the central
California DPS receives ample research focus; (2) is the largest DPS in terms of geographic area;
(3) has the greatest overlap with the range of the California red-legged frog. However, research
and information involving the Sonoma County DPS and the Santa Barbara County DPS will also
be used within this document. While there are genetic and geographic differences between the
three California tiger salamander DPS, they are all considered the same species with
predominantly identical life cycles and ecology (USFWS 2017).
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5.2 Habitat Range
California tiger salamanders are endemic to California and have a highly fragmented
range throughout the state (Jennings and Hayes 1994). Their geographic range extends from their
southernmost populations in Santa Barbara County to their northernmost populations in Sonoma
County (Thomson et al. 2016). Within this general range, populations can be found from coastal
regions, extending inland into the Central Valley and the Sierra Nevada foothills (McGinnis and
Stebbins 2018). The elevational range of the California tiger salamander extends from
approximately sea level up to around 3,940 feet (USFWS 2017).

Figure 2. Distribution of the California tiger salamander throughout the entirety of its range.
Image used with permission © Gary Nafis (www.californiaherps.com).
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5.3 Species Description
The California tiger salamander is an amphibian belonging to the salamander family
Ambystomatidae. Like other ambystomatids, otherwise known as mole salamanders, California
tiger salamanders spend most of their juvenile and adult lives in underground burrows and are
rarely seen (Storer 1925; Loredo et al. 1996). While juveniles and adults are principally
terrestrial, spending approximately 90% of the year underground, California tiger salamanders
have a distinct two-phase life cycle. As a biphasic species, their life cycle is split between a fully
aquatic larval phase and a predominantly terrestrial juvenile and adult phase (Slevin 1928;
Stebbins 1954; Petranka 1998).
As terrestrial adults, California tiger salamanders are relatively stocky with a total body
length ranging from 6 to 9.5 inches. Adult California tiger salamanders typically have a black
body with scattered yellow or white spotting and barring throughout. They have rounded snouts
and relatively long, laterally flattened tails (Stebbins 1954; McGinnis and Stebbins 2018). Most
of the adult California tiger salamander’s life is spent in underground burrows, generally only
emerging during the winter to migrate to breeding pools (Storer 1925; Loredo et al. 1996;
Pittman 2005). Within burrows California tiger salamanders likely remain active throughout the
year and are opportunistic feeders, commonly preying upon various invertebrate species found
within burrow complexes (Trenham 2001; van Hattem 2004). California tiger salamanders
generally have a life span of six to seven years but are known to live past ten years of age
(Trenham et al. 2000; Stebbins and McGinnis 2012; Stokes et al. 2021).
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Figure 3. Adult California tiger salamander. Photograph used with permission © Gary Nafis
(www.californiaherps.com).

5.4 Life Cycle
Adult female California tiger salamanders typically lay their eggs during the winter
months in suitable aquatic habitat (Storer 1925; Alvarez 2004b). Eggs are commonly laid
individually or in groups of two to four and are attached to vegetation, stones, or other debris
near the bottom of aquatic habitat (Stebbins 2003). Typically, eggs hatch within two to four
weeks, yielding fully aquatic larvae (P. Anderson 1968; Jennings and Hayes 1994). Larvae
conduct respiration through external, feather-like gills and typically spend three to six months in
larval form before completing metamorphosis (P. Anderson 1968; Stebbins 2003; Stokes et al.
2021). The amount of time spent in larval form is dependent upon the duration of natal pool
inundation as well as water temperature, as larvae generally develop more rapidly in fasterdrying, warmer pools (Feaver 1971; Wilbur 1980). California tiger salamander larvae primarily
feed on zooplankton and invertebrates although larger larvae may also feed on mosquito larvae
and other amphibian tadpoles (P. Anderson 1968; Jennings and Hayes 1994). As larvae develop
within their natal pools, they gradually grow limbs and internal lungs, preparing them for a
transition to terrestrial life (P. Anderson 1968). Metamorphosis is generally completed between
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May and July and results in the emergence of terrestrial juveniles that exit natal pools and
transition into upland habitat where they can develop into sexually mature adults (Storer 1925;
Stebbins and McGinnis 2012). While larvae typically metamorphose during their first spring or
summer, overwintering larvae have been observed in perennial ponds, where individuals forgo
metamorphosis and remain in natal pools (Alvarez 2004c; Wilcox et al. 2015).

a

b

c

Figure 4. Life stages of the California tiger salamander. Including (a) eggs, (b) larvae, and (c) adult. Photographs
used with permission by Rob Schell, Kyle Verblaauw, and © Jared Heald (www.californiaherps.com).

The typical California tiger salamander breeding season extends from November through
April, peaking between December and February (Storer 1925; Stebbins 1954). The breeding
process begins with sexually mature adults leaving their burrows at night, typically during the
first winter rains, as they mass migrate to breeding pools (USFWS 2016). Searcy and Shaffer
(2011) state that the average migration distance to breeding pools is 1,844 feet (0.35 miles) while
Orloff (2011) finds that adults may migrate up to 6,864 feet (1.3 miles). Adults may spend
anywhere from a few weeks to over a month at breeding pools with males typically staying
longer than females (Trenham and Cook 2008). California tiger salamanders reach sexual
maturity between the age of two to five years but are infrequent breeders and females may only
reproduce one or two times during their life (Trenham et al. 2000). After mating, females deposit
their eggs in suitable aquatic habitat and both males and females disperse back into upland
habitat to take refuge in underground burrows (Jennings and Hayes 1994; Loredo et al. 1996).
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Figure 5. Annual life cycle overview of the California tiger salamander (CTS) during a typical breeding
year (Trenham and Searcy 2017).

5.5 Aquatic Habitat Requirements
Because California tiger salamander larvae remain in their natal pools until completing
metamorphosis, aquatic habitat must have characteristics that allow for successful breeding as
well as egg and larvae development. Historically, California tiger salamanders primarily utilized
natural vernal pools and ponds for breeding, although livestock ponds and other manmade ponds
are now commonly used (Feaver 1971; Fisher and Shaffer 1996; Wilcox et al. 2015). California
tiger salamanders require freshwater and generally prefer lentic or slow flowing water bodies and
have only recently been reported to occasionally breed in lotic habitats such as rivers and creeks
(Alvarez et al. 2013; 2021b). Additionally, not all aquatic habitats are suitable for reproduction
14

each year as drought may keep pools from forming, making breeding impossible (USFWS
2016).
Ephemeral aquatic habitats are generally considered more suitable for California tiger
salamander breeding and have been shown to support larger populations than perennial aquatic
habitat (Wang et al. 2011). The annual summer desiccation that typically occurs in ephemeral
aquatic habitats precludes predatory fish and bullfrogs (Lithobates catesbeianus) from
establishing permanent breeding populations. Predatory fish and bullfrogs are known to heavily
predate upon California tiger salamanders and ephemeral aquatic habitats are often not
conducive to such predators (P. Anderson 1968; Shaffer et al. 1993; Jennings and Hayes 1994).
Suitable ephemeral aquatic habitat must remain inundated long enough into the summer for
larvae to develop and metamorphose. Because larvae typically complete metamorphosis between
May and July, ideal ephemeral aquatic habitat should remain inundated until July or August to
provide sufficient time for metamorphosis, while eventually drying out to preclude predatory fish
and bullfrogs from establishing (Feaver 1971; Jennings and Hayes 1994; Ford et al. 2013). If
ephemeral breeding ponds dry up too early, California tiger salamander larvae will be unable to
metamorphose into terrestrial juveniles, resulting in desiccation and mortality (Feaver 1971;
Bobzien and DiDonato 2007).
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Figure 6. Typical California tiger salamander artificial stock pond breeding habitat in Alameda County,
CA. Photograph by Kyle Verblaauw.

Perennial ponds are also commonly used for breeding; however, reproductive success is
heavily dependent upon the absence of predators such as fish and bullfrogs (Wilcox et al. 2015).
Ponds that remain inundated throughout the year have the potential to sustain populations of
predatory species, which may decimate California tiger salamander eggs and larvae through
direct predation or competition for resources (USFWS 2016). However, not all perennial ponds
contain predatory fish and bullfrogs, and may serve as suitable breeding habitat if kept free of
these predators (Alvarez 2004b; Wilcox et al. 2015).
Abiotic factors have also been shown to influence the suitability of California tiger
salamander aquatic breeding habitat. Research by Bobzien and DiDonato (2007) indicated that
moderate to high levels of turbidity in breeding ponds (median turbidity of 35.5 NTU) support
higher densities of California tiger salamander larvae. Turbidity levels likely play a role in
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providing eggs and larvae with some cover to avoid predation. However, Alvarez and Foster
(2016) reported larval California tiger salamanders in a range of water bodies with turbidity
levels ranging from < 10.0 NTU to over 2000 NTU, suggesting a high level of plasticity in
turbidity tolerance. Bobzien and DiDonato (2007) also found that water temperatures ranging
from 16.2 to 33.2°C and dissolved oxygen ranging from 3.2 to 30.1 mg/L support California
tiger salamander larvae. Additionally, Bobzien and DiDonato (2007) suggest that California tiger
salamanders may show a preference for breeding ponds containing little to no (≤ 5% cover)
emergent or submergent aquatic vegetation. Jennings and Hayes (1994) suggest that breeding
pools containing some aquatic vegetation may be useful in providing cover for eggs and larvae,
as well as providing substrate for attaching eggs during oviposition. Aquatic habitat must also
contain an invertebrate food source such as mosquito larvae, zooplankton, and larger crustaceans
to sustain the growth and development of larval California tiger salamanders (P. Anderson
1968).

5.6 Upland Habitat Requirements
The typical upland habitat for juvenile and adult California tiger salamanders consists of
grasslands and adjacent foothills, chaparral slopes, as well as open woodlands (Loredo et al.
1996; van Hattem 2004; Wang et al. 2009). California tiger salamanders are known to spend
most of their lives underground in burrow complexes and rely on burrowing mammals as they
are unable to excavate burrows of their own (Jennings and Hayes 1994; Jennings 1996; Petranka
1998). Loredo et al. (1996) found that California tiger salamanders primarily utilize the burrows
of California ground squirrels (Spermophilus beecheyi) and require active ground squirrel
populations to maintain burrow complexes and keep them from collapsing. Abundant California
ground squirrel populations increase the availability of suitable burrow habitat, resulting in
shorter required dispersal distances that may reduce the risk of mortality during migration
between burrows and breeding habitat (Jennings and Hayes 1994; Loredo et al. 1996; Stebbins
and McGinnis 2012). California tiger salamanders are also known to utilize the burrows of other
mammals such as the California vole (Microtus californicus) and Botta’s pocket gopher
(Thomomys bottae) (Jennings 1996; Bobzien and DiDonato 2007). Additionally, soil crevices,
logs, pipes, and other forms of shelter are occasionally utilized, particularly by juveniles as they
migrate from natal ponds (Ziener et al. 1988; Stebbins and McGinnis 2012). Upland habitat must
also have connectivity to suitable breeding habitat to allow for successful juvenile dispersal as
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well as the migration of sexually mature adults to and from breeding habitat (Trenham et al.
2001; Trenham and Cook 2008; Orloff 2011).

b

a

Figure 7. Typical California tiger salamander upland habitat with (a) active California ground squirrel burrows. (b) An
adult California tiger salamander entering a ground squirrel burrow complex in Madera County, CA. Photographs by
Kyle Verblaauw.

6. Natural History of the California Red-Legged Frog
6.1 Legal Status & Taxonomy
The California red-legged frog is currently listed as a federally threatened species under
the Endangered Species Act and as a Species of Special Concern under the California
Endangered Species Act. Historically, the species was divided into two subspecies with the
California red-legged frog classified as R. aurora draytonii and the northern red-legged frog
classified as R. aurora aurora (Stebbins 2003). Currently, the California red-legged frog and the
northern red-legged frog are considered distinct species within the family Ranidae and are now
classified as R. draytonii and R. aurora respectively (Shaffer et al. 2004; McGinnis and Stebbins
2018).
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6.2 Habitat Range
The California red-legged frog is estimated to have been extirpated from approximately
70% of its historical range (Hayes and Jennings 1988; Fisher and Shaffer 1996). Currently their
range extends throughout the Coast Ranges from Mendocino County south to Santa Barbara
County with populations in the southern Cascade Range as well as the northern Sierra Nevada
(Stebbins 2003). Populations also exist in northern Baja California but have widely been
extirpated across much of coastal southern California and the Central Valley (McGinnis and
Stebbins 2018). Introduced populations have also been documented in southern Nevada and
Santa Cruz Island (Jennings 1988; Jennings and Hayes 1994; Reaser 2003). The range of the
California red-legged frog overlaps with the closely related northern red-legged frog (R. aurora)
in the northern reaches of its range near Big River and Mills Creek in Mendocino County
(McGinnis and Stebbins 2018). The elevational range of the California red-legged frog extends
from sea level to approximately 4,500 feet within California, but up to 6,400 feet in Baja
California (Jennings and Hayes 1994; Peralta-Garcia et al. 2016).

19

Figure 8. Distribution of the northern red-legged frog and the California red-legged frog throughout their
respective ranges within California. Area where both species overlap is also shown. Map does not display
the distribution of the California red-legged frog where its range extends into Mexico, nor does it display
the entirety of the range of the northern red-legged frog. Image used with permission © Gary Nafis
(www.californiaherps.com).
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6.3 Species Description
The California red-legged frog is an amphibian species belonging to the frog family
Ranidae. Members of the Ranidae are commonly referred to as true frogs and are generally
distinguished by their long hindlimbs and dorsolateral folds (McGinnis and Stebbins 2018).
California red-legged frogs are the largest native frog in California and have a distinct two-phase
life cycle. As a biphasic species, their life cycle is split between a fully aquatic larval phase and a
juvenile and adult phase in which both aquatic and upland terrestrial habitat are utilized (Storer
1925; Bulger et al. 2003).
Adult California red-legged frogs typically range from 1.75 to 5.25 inches in total body
length with females generally being larger than males (Cook 1997; Stebbins 2003). Coloration is
highly variable with the dorsal side often being reddish brown, grey, or olive with dark blotches
(Storer 1925; Stebbins and McGinnis 2012). Red coloration is usually, but not always visible on
the underbelly regions and legs. The face often has a whitish jaw stripe and the primary feature
used for identification are the two prominent dorsolateral skin folds that run from behind the
eyes and along the back to the rear (Stebbins 2003; Stebbins and McGinnis 2012; McGinnis and
Stebbins 2018).

Figure 9. Adult California red-legged frog. Photograph used with permission © Gary Nafis
(www.californiaherps.com).
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California red-legged frogs are most active at night and while they are closely associated
with aquatic habitat, they are known to migrate approximately 2.0 miles between aquatic and
terrestrial habitat, utilizing a variety of habitat types (USFWS 2002; Bulger et al. 2003; Fellers
and Kleeman 2007; Alvarez 2013a). Adult California red-legged frogs are opportunistic feeders
and will consume a wide variety of prey including various invertebrate species as well as Pacific
chorus frogs, other California red-legged frogs, and even small rodents (Hayes and Tennant
1985; M.P. Hayes et al. 2006; Alvarez 2013c; Bishop et al. 2014).

6.4 Life Cycle
During the winter months female California red-legged frogs lay their eggs in masses
within suitable aquatic breeding habitat. Egg masses consist of anywhere from 300 to 6,000 eggs
(typically around 2,000) and are often attached to aquatic emergent vegetation (Storer 1925;
Cook 1997; Alvarez et al. 2013a). Eggs are typically deposited on the margins of aquatic
breeding habitat in relatively shallow water near or at the water’s surface (Alvarez et al. 2013a).
However, Wilcox et al. (2017) found that egg masses may be laid much further away from the
shoreline and at greater water depths than previously thought, with one egg mass observed 12.2
meters from the shore and at a depth of 3.2 meters. Eggs usually hatch within six to fourteen
days after fertilization as fully aquatic larvae (Storer 1925).

a

b

c

Figure 10. Life stages of the California red-legged frog, including (a) egg mass, (b) larvae, and (c) adult.
Photographs used with permission by Kyle Verblaauw, © William Leonard, and © Gary Nafis
(www.californiaherps.com).
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California red-legged frog larvae are known to primarily feed on algae and spend most
of their time near the bottom of their natal pools (Stebbins and Cohen 1995). California redlegged frogs typically spend between three to five months in larval form before completing
metamorphosis between July and September but may overwinter as larvae in many locations
(Jennings and Hayes 1994; Fellers et al. 2001; P. Anderson 2017). The time required for
metamorphosis is dependent on water temperature as warmer water is known to expedite larval
development (Stebbins and Cohen 1995). After metamorphosis, juvenile California red-legged
frogs become semi-terrestrial, capable of exiting natal ponds, and have been observed basking on
shorelines during the daytime (Cook 1997; Allaback et al. 2010). Juveniles generally require
approximately two to three years to reach sexual maturity with females often requiring more time
than males (Jennings and Hayes 1994).
Breeding occurs between November and April and is likely initiated by local temperature
and precipitation events (Storer 1925; Cook 1997; Stebbins and McGinnis 2012). Breeding
typically takes place within pools or ponds with males often arriving at breeding locations two to
four weeks prior to females (Jennings and Hayes 1994; Fellers and Kleeman 2007). Movement
to and from breeding sites is highly variable as some individuals are known to remain in or near
breeding ponds year-round while others disperse varying distances and migrate back to breeding
sites (Bulger et al. 2003; Fellers and Kleeman 2007; Allaback et al. 2010). At aquatic breeding
sites males vocalize, typically in the evenings, to attract females. Once a female chooses a male
to breed with, the pair engage in amplexus, a breeding behavior where the male latches onto the
back of the female, and they move jointly to the location where eggs will be laid (Stebbins and
Cohen 1995; Cook 1997).

6.5 Aquatic Habitat Requirements
All life stages of the California red-legged frog are closely linked with a variety of
freshwater habitats (Alvarez et al. 2013b). Typical non-breeding aquatic habitat for adult
California red-legged frogs consists of relatively deep (approximately 2.3 feet) still or slowly
flowing freshwater with riparian vegetation (Hayes and Jennings 1988; Jennings and Hayes
1994). Riparian vegetation such as willows, cattails, and bulrushes are common near or within
suitable habitat (Jennings and Hayes 1994). Jennings and Hayes (1994) observed that adult
California red-legged frogs appeared to use vibrations in willow branches and other vegetation to
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detect approaching predators, indicating the importance of vegetation cover. Aquatic habitat may
be ephemeral or perennial and includes streams, lakes, marshes, drainages, and natural or
manmade ponds (Hayes and Jennings 1988; Fellers at al. 2001; Reaser 2003; Riensche et al.
2019). Juvenile California red-legged frogs appear to show preference for more open and
shallow aquatic habitat with ample submergent vegetation cover to avoid predators (Jennings and
Hayes 1994).
California red-legged frogs have been observed in aquatic habitat with dissolved oxygen
levels ranging from 0.0 to 24.5 mg/L (median of 9.6 mg/L). Bobzien and DiDonato (2007) found
that California red-legged frogs frequently occupy relatively clear aquatic habitat with 75% of
occupied ponds having a turbidity of ≤ 20.0 NTU. Aquatic habitats with a pH range of 2.8 to
10.8 were also observed to support individuals but not necessarily breeding populations (Bobzien
and DiDonato 2007). While freshwater habitat is considered preferable, California red-legged
frog embryos are known to survive salinity levels below 4.5 ppt (Bobzien and DiDonato 2007).
Aquatic breeding habitat with a temperature range between 15.0 °C and 24.9 °C and water
depths less than 2.5 feet have shown to be suitable for larvae as shallower, warmer water may
expedite larval development (Reis 1999).
California red-legged frog breeding habitat typically consists of ephemeral or perennial
freshwater marshes, ponds, or pools with man-made stock ponds being commonly utilized
(Storer 1925; Cook and Jennings 2007; Fellers and Kleeman 2007; Alvarez et al. 2013a). Slow
flowing ephemeral creeks, artificial channels, estuaries, and other atypical habitats may also be
utilized, dependent on location and habitat availability (USFWS 2002). Aquatic habitat without
the presence of non-native fish species and bullfrogs is preferable as these species are known to
predate on California red-legged frogs and negatively impact survivability (Lawler et al. 1999;
Alvarez et al. 2003; Gilliland 2010). Bullfrogs are known to compete with and predate upon
larval, juvenile, and adult California red-legged frogs (Lawler et al. 1999; Cook and Jennings
2001; Cook 2002; Wilcox 2011). Additionally, Alvarez et al. (2003) found that the removal of
predatory non-native fish is correlated with higher California red-legged frog larvae and juvenile
survivorship, suggesting that non-native fish predate heavily upon California red-legged frogs
during the larval and juvenile life stages (Table 3).
Vegetation profiles at aquatic breeding sites are variable with breeding observed in stock
ponds containing minimal vegetation as well as streams with dense riparian vegetation cover
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(USFWS 2002). It is common however, that breeding habitat consists of a mosaic of open water
and emergent vegetation (Hayes and Jennings 1988; Ford et al. 2013). Bobzien and DiDonato
(2007) report that California red-legged frog (adult, juvenile, and tadpole) occurrence was
greater in ponds with ≤ 5% emergent and submergent vegetation, suggesting that lower
vegetation cover is preferable for larvae. While the presence of some emergent vegetation is
considered preferable for the attachment of eggs, egg masses have been observed without any
attachment to vegetation (Reis 1999). Additionally, breeding habitat must remain inundated long
enough through the summer months to allow for the completion of metamorphosis or the larvae
may be at risk of desiccation (Ford et al. 2013).

Figure 11. Typical California red-legged frog aquatic habitat. Photograph used with permission © Gary Nafis
(www.californiaherps.com).

6.6 Upland Habitat Requirements
While California red-legged frogs are often considered an aquatic species, adults utilize a
wide variety of terrestrial habitats. Terrestrial habitat is thought to be utilized for purposes such
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as foraging, dispersal, migration, and seeking refuge to avoid predation and desiccation (Bulger
et al. 2003; Fellers and Kleeman 2007; Tatarian 2008; Bishop et al. 2014). Typical terrestrial
habitat includes grasslands, chaparral, and woodlands (Alvarez 2013b). Within these habitats,
small mammal burrows, rocks, woody debris, and vegetation are often utilized for cover
(Tatarian 2008; Riensche et al. 2019). Research by Fellers and Kleeman (2007) describes
suitable upland habitat as having sufficient moisture to avoid desiccation, good cover to buffer
against extreme temperatures, and ample protection from predation. Upland habitat use is highly
variable and site specific, dependent on habitat availability, geography, and climate (Ford et al.
2013).

7. California Tiger Salamander & California Red-Legged Frog Sympatry
Sympatry refers to the similarities or overlap in geographic range, habitat, life cycle, and
ecology between two or more discrete species. While sympatry is not uncommon in amphibian
species, the similarities shared between the California tiger salamander and the California redlegged frog, two federally and state protected species, presents the opportunity for joint
management (Alvarez et al. 2013b). Because both species have a wide range of overlapping
habitat and similarities in life cycles, management focused on one species could reasonably
impact the other. Because of this sympatry, managing both the California tiger salamander and
the California red-legged frog jointly in overlapping habitat may facilitate management efforts
and aid in the protection and recovery of both species (Alvarez et al. 2013b).

7.1 Range Overlap
Alvarez et al. (2013b) provide a map depicting the current geographic ranges of the
California red-legged frog and the California tiger salamander individually, as well as where they
overlap (Figure 12). The geographic range of the California red-legged frog is substantially
greater than that of the California tiger salamander, extending further north and south along the
western regions of California. Because the range of the California red-legged frog is
considerably larger, geographic overlap occurs throughout a large portion of the California tiger
salamander’s entire range. A notable gap in range overlap is found within the Central Valley
region where the California tiger salamander is found but California red-legged frog has widely
been extirpated or was historically absent (Jennings and Hayes 1985; McGinnis and Stebbins
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2018). California red-legged frogs are known to occupy habitats at elevations ranging from sea
level to around 4,500 feet, while California tiger salamanders may be found from sea level to
approximately 3,940 feet, indicating that California red-legged frog populations may extend into
higher elevations where their ranges overlap (Jennings and Hayes 1994; USFWS 2017).

Figure 12. Individual and overlapping ranges of the California tiger salamander and California redlegged frog. The dashed blue circle represents the “region of investigation” for the associated
research (Alvarez et al. 2013b).
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7.2 Similarities in Life Cycle
The California red-legged frog and the California tiger salamander are both biphasic
amphibian species and follow a similar process of metamorphosis, developing from egg to larvae
to juvenile to adult. Each species deposits eggs in similar aquatic habitat types and have
comparable durations required for egg hatching and larval development. In ephemeral water
bodies, metamorphosis for both species generally occurs during the late spring or summer
months and therefore require similar hydroperiods within natal pools (Jennings and Hayes 1994).
In perennial ponds, both species may overwinter as larvae, or undergo metamorphosis later in the
fall or earlier in the spring (Fellers et al. 2001; Alvarez 2004c; Wilcox et al. 2015). Juveniles and
adults of both species utilize upland habitat for dispersal and migration and have overlapping
breeding seasons during the winter months that are triggered by local temperature and
precipitation (Jennings and Hayes 1994; Loredo et al. 1996; Allaback et al. 2010; USFWS 2016).
While there are disparities between each species’ respective life cycles, similarities in
reproduction and larval development provide opportunity for these species to be managed
together in many scenarios.
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Table 1. Comparison of life cycle stages between the California red-legged frog and California tiger salamander.

Stage of Life Cycle
Eggs

Larvae

California Red-Legged Frog

California Tiger Salamander

Similarities Between Species

Laid in winter (Nov-Apr) & hatch within 1-2 weeks (Storer

Laid in winter (Nov-Apr) & hatch within 2-4 weeks

1925; USFWS 2002)

(Storer 1925; Stebbins 2003)

Laid in winter (Nov-Apr), similar hatching
period

Attached to emergent vegetation on water surface, near
margins of aquatic habitat (Cook 1997; Alvarez et al. 2013a)

Attached to vegetation, stones, or other debris near
bottom of aquatic habitat (Stebbins 2003)

Utilize vegetation (or other substrate) in
aquatic habitat to attach eggs

Fully aquatic (Stebbins and Cohen 1995)

Fully aquatic (Jennings and Hayes 1994)

Fully aquatic

Feed on algae (Stebbins and Cohen 1995)

Feed on zooplankton, invertebrates, mosquito
larvae, tadpoles (P. Anderson 1968)

Spend ~3-6 months as larvae, capable of
overwintering as larvae

Spend 3-5 months as larvae, capable of overwintering
(Jennings and Hayes 1994; Fellers et al. 2001; P. Anderson 2017)

Spend 3-6 months as larvae, capable of
overwintering (Jennings and Hayes 1994; Stebbins 2003;
Alvarez 2004c)

Typically occurs (Jul-Sept) (Jennings and Hayes 1994)

Typically occurs (May-Jul) (Storer 1925; Stebbins and

Metamorphosis may overlap around July

McGinnis 2012)

Metamorphosis

Warmer water may expedite larval development (Stebbins
and Cohen 1995)

Warmer water & faster drying natal pools may
expedite larval development (Feaver 1971)

Semi-terrestrial, capable of exiting natal ponds (Cook 1997;

Terrestrial, exit natal pools & move into uplands

Allaback et al. 2010)

Juveniles

Require 2-3 years to reach sexual maturity

Require 2-5 years to reach sexual maturity (Storer

Warmer water may expedite larval
development
Juveniles not sexually mature upon
metamorphosis, become mature starting at 2
years old

1925; Stebbins and McGinnis 2012)

(Jennings and Hayes 1994)

Are aquatic & terrestrial (Storer 1925)

Are terrestrial, only aquatic during reproduction

Breeding occurs (Nov-Apr) in aquatic habitat

(Storer 1925)

Adults &
Reproduction

Opportunistic feeders (invertebrates, amphibians, rodents)
(Hayes and Tennant 1985; M.P Hayes et al. 2006; Alvarez 2013c)

Opportunistic feeders (invertebrates) (van Hattem 2004)

Breeding occurs (Nov-Apr) in aquatic habitat, influenced
by temperature & precipitation

Breeding occurs (Nov-Apr) in aquatic habitat,
influenced by temperature & precipitation (Stebbins

(Storer 1925; Cook 1997; Stebbins and McGinnis 2012)

2003; USFWS 2016)

May remain at breeding ponds year-round or may
migrate (approx. 2.0 miles) (Fellers and Kleeman 2007; Allaback

Migrate during rainy nights to breeding sites (up to
1.3 miles), spend a few weeks to over a month at
breeding pools (Trenham and Cook 2008; Orloff 2011)

et al. 2010)

Opportunistic feeders
Reproduction influenced by temperature &
precipitation
Adults may migrate long distances to
breeding sites
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7.3 Similarities in Aquatic Habitat Use
The California red-legged frog and the California tiger salamander require similar
freshwater habitat for breeding, egg deposition, and larval development. Both species are known
to utilize a variety of perennial and ephemeral aquatic habitats that may be manmade or naturally
occurring. Additionally, each species is documented to use stock ponds as breeding habitat.
Other aquatic habitats such as natural ponds, wetlands, and slowly flowing streams may also be
used by both species (Bobzien and DiDonato 2007; Fellers and Kleeman 2007; USFWS 2017).
The absence of predatory fish and bullfrogs is a critical factor when determining suitable aquatic
breeding habitat, as such predators are known to feed on the larvae and adults of both species
(Lawlor et al. 1999; Alvarez et al. 2003; Gilliland 2010; Stokes et al. 2021).
Aquatic habitat vegetation profiles required by the California red-legged frog and the
California tiger salamander show varying levels of overlap. Within the lands owned by the East
Bay Regional Parks, Bobzien and DiDonato (2007) suggest that California tiger salamanders and
California red-legged frogs show a preference for aquatic habitat with ≤ 5% emergent and
submergent vegetation. However, this may require further research as the study only occurred
within a fraction of the geographic range of these sympatric species. Stitt and Downard (2000)
observed that California red-legged frogs did not occupy any aquatic habitat lacking emergent or
submergent vegetation while those same habitats were found to be occupied by California tiger
salamanders. Additionally, Stitt and Downard (2000) found that California tiger salamanders
occupied aquatic habitats with emergent or submergent vegetation, although percentage of
vegetation cover was not mentioned. Minimal (≤ 5%) cover of emergent and submergent
vegetation appears to be suitable for California tiger salamanders while California red-legged
frogs may occupy habitat ranging from ≤ 5% cover up to approximately 100% cover (Bobzien
and DiDonato 2007). Both species may tolerate a wide range of aquatic emergent and
submergent vegetation cover and additional research is needed to better understand the
relationships between aquatic vegetation cover and California tiger salamanders and California
red-legged frogs.
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7.4 Similarities in Upland Habitat Use
California tiger salamanders and California red-legged frogs are both known to utilize
upland habitat consisting of grasslands, woodlands, and chaparral (Loredo et al. 1996; van
Hattem 2004; Wang et al. 2011; Alvarez 2013b). In these habitats, California tiger salamanders
take advantage of California ground squirrels and other fossorial rodents, to create burrows that
provide refuge and foraging habitat throughout most of the year (Loredo et al. 1996). California
red-legged frogs have also been observed using such burrows for refuge and foraging when
dispersing into upland habitats (Stitt and Downard 2000). California red-legged frogs do not
solely utilize mammal burrows but may also use rocks, woody debris, vegetation, and other
structures (Allaback et al. 2010; Alvarez 2004a; Tatarian 2008; Riensche et al. 2019). Juvenile
California tiger salamanders may utilize similar types of structures including soil crevices, logs,
and pipes as they disperse from natal pools (Alvarez et al. 2021a; Ford et al. 2013).
Both species are known to move long distances across terrestrial landscapes with
California tiger salamanders capable of migrating up to 1.3 miles and California red-legged frogs
capable of traveling approximately 2.0 miles (Bulger et al. 2003; Orloff 2011). This mobility
requires both species to have sufficient connectivity between upland and aquatic habitats. While
California tiger salamander dependence on California ground squirrel burrows and associated
upland habitat is well documented, terrestrial habitat use of California red-legged frogs is highly
variable and site specific (Loredo et al. 1996; Ford et al. 2013). Although there is variability in
how terrestrial landscapes are utilized, unimpeded access to upland habitat is critical to both
species for foraging, shelter, migration of breeding adults, and juvenile dispersal (Holland et al.
1990; Stitt and Downard 2000; Trenham and Shaffer 2005; Orloff 2011).
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Table 2. Habitat use comparison between the California red-legged frog and California tiger salamander

Habitat

California Red-Legged Frog

California Tiger Salamander

Similarities Between Species

Ephemeral or perennial, lentic or lotic freshwater habitats (marshes,
natural or manmade ponds/pools, creeks, artificial channels,
estuaries) (Storer 1925; Cook and Jennings 2007; Fellers and Kleeman 2007;

Ephemeral or perennial lentic freshwater habitats
(vernal pools, natural or manmade ponds/pools), may
occasionally use lotic habitats (Feaver 1971; Fisher and

Ephemeral or perennial lentic
freshwater habitats (vernal pools,
natural or manmade ponds/pools)

Alvarez et al. 2013a)

Shaffer 1996; Alvarez et al. 2021b)

Mosaic of open water & emergent vegetation, variable vegetation
profile, ranging from minimal to dense cover. (Hayes and Jennings 1988;

Minimal aquatic vegetation (Jennings and Hayes 1994;

Type
Breeding
Habitat

USFWS 2002; Ford et al. 2013)

Inundated until Aug. or Sept. (Jennings and Hayes 1994; Ford et al. 2013)
No non-native fish or bullfrogs (Lawler et al. 1999; Alvarez et al. 2003;
Gilliland 2010)

Non-

Adults: deep (~2.3 feet) still/slow flowing, ephemeral or perennial
freshwater (streams, lakes, marshes, drainages, natural or manmade
ponds) (Hayes and Jennings 1988; Jennings and Hayes 1994; Fellers et al. 2001)

Breeding

Often has riparian vegetation (willows, cattails, bulrushes)

Aquatic

Habitat

Bobzien and DiDonato 2007)

Inundated until Jul. or Aug. (Jennings and Hayes 1994; Ford
et al. 2013)

Lotic habitats common for redlegged frog but uncommon for tiger
salamander
Inundated into the summer months
(Jul-Sept)

No non-native fish or bullfrogs (Jennings and Hayes 1994;
Stokes et al. 2021)

No non-native fish or bullfrogs

Adults: don’t utilize aquatic habitat outside of breeding

Non-breeding aquatic habitat is not
utilized by CA tiger salamanders

(Jennings and Hayes 1994)

Juveniles: do not utilize aquatic habitat
(Jennings and Hayes 1994)

Juveniles may use open & shallow aquatic habitat with ample
submergent vegetation (Jennings and Hayes 1994)

Upland
Habitat

Adults/juveniles: grasslands, chapparal, woodlands (Jennings and
Hayes 1994; Alvarez 2013b)

Adults/Juveniles: grasslands, foothills, chapparal
slopes, open woodlands (Loredo et al. 1996; van Hattem 2004;
Wang et al. 2011)

Small mammal burrows, rocks, woody debris, & vegetation are
used for cover (Tatarian 2008; Riensche et al. 2019)
Connectivity with suitable breeding habitat (USFWS 2002)

Adults/Juveniles: burrows of California ground
squirrels & other burrowing mammals, also use soil
crevices, logs, pipes (Jennings and Hayes 1994; Jennings 1996;
Ziener et al. 1988; Stebbins and McGinnis 2012)

Connectivity with suitable breeding habitat (Trenham et

Grasslands, chapparal, woodlands
Wide variety of structures used for
cover: California ground squirrels &
other small mammal burrows, rocks,
woody debris, soil crevices, logs,
pipes, & vegetation
Connectivity with suitable breeding
habitat

al. 2001; Trenham and Cook 2008; Orloff 2011)
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8. Threats & Reasons for Decline
As sympatric amphibian species, the California red-legged frog and California tiger
salamander face similar threats. While some reasons for decline may differ and threats may not
impact each species evenly, the California red-legged frog and California tiger salamander have
largely comparable management challenges throughout their overlapping range. Anthropogenic
activities are considered the principal reason for the decline of both species, as human actions are
directly or indirectly responsible for a wide array of threats facing both the California red-legged
frog and California tiger salamander (Jennings and Hayes 1994; USFWS 2002; Thomson et al.
2016; USFWS 2017).

8.1 Habitat Loss, Fragmentation, & Alteration
Habitat loss and fragmentation is considered the principal reason for the decline of both
the California red-legged frog and California tiger salamander (USFWS 2002; 2017). Wide
ranging urbanization, agriculture, road construction, and other forms of land development and
alteration has substantially reduced the upland and aquatic habitat required throughout the life
cycle of both species (Stebbins 1985; Jennings and Hayes 1994; USFWS 2002; 2017). It is
estimated that the historical range of the California tiger salamander and the California redlegged frog has been reduced by approximately 75% and 70% respectively (Hayes and Jennings
1988; Fisher and Shaffer 1996).
Much of the remaining suitable habitat for the California tiger salamander and the
California red-legged frog is highly fragmented and presents challenges for both species. Habitat
fragmentation from roadways, agriculture, urban and residential development, and other barriers,
restricts the ability of both species to disperse and migrate between upland and aquatic habitats
(USFWS 2002; 2017). Because California tiger salamanders and California red-legged frogs are
known to migrate 1.3 miles and 2.0 miles respectively, habitat fragmentation can inhibit
movement and have detrimental impacts on breeding migrations, upland dispersal, foraging, and
genetic flow between populations (Bulger et al. 2003; Fellers and Kleeman 2007; CDFG 2010;
Orloff 2011; Wang et al. 2009; 2011).
Alteration of native habitat is a threat to both the California tiger salamander and the
California red-legged frog. Anthropogenic introduction of non-native vegetation has altered the
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landscape throughout much of California with native perennial grasses being largely displaced
by alien annual grasses (Lulow 2006). Non-native vegetation can form dense cover over the
landscape that may inhibit the movement of California tiger salamanders and California redlegged frogs (USFWS 2016; J. Alvarez; J. Wilcox pers. comm., October 13, 2021). California
tiger salamanders appear to be particularly impacted as they are less adept at moving through
dense vegetation (J. Alvarez pers. comm., October 13, 2021). Historically, much of California
was dominated by native perennial bunch grasses that are more navigable for California tiger
salamanders and California red-legged frogs as they typically do not densely blanket the
landscape, thus providing corridors for movement. The current domination of non-native
vegetation over California’s landscape presents a challenge for both species as it can hinder
upland dispersal and breeding migration (J. Alvarez; J. Wilcox pers. comm., October 13, 2021).
Dense vegetation cover may also reduce populations of burrowing mammals such as
California ground squirrels (Germano et al. 2012; Ford et al. 2013; J. Alvarez, pers. comm.,
October 13, 2021). California ground squirrels are known to favor open habitats as it facilitates
their ability to detect predators, and they may abandon burrows in areas that become overgrown
with vegetation (Fehmi et al. 2005). Additionally, rodent control efforts pose a threat to
California ground squirrel populations as they are often seen as a nuisance to farmers and
ranchers (Grinnell and Dixon 1918; Ford et al. 2013; USFWS 2017). While California ground
squirrels are widely abundant and common across most of California, localized disappearance of
ground squirrel populations may present a considerable threat to California tiger salamanders as
they depend upon their burrows for refuge (Jennings and Hayes 1994; Loredo et al. 1996;
Lenihan 2007). Because California tiger salamanders, and to a lesser extent California red-legged
frogs, depend upon ground squirrel burrows, the presence of local, stable ground squirrel
populations is a critical component of suitable upland habitat (Loredo et al. 1996; Stitt and
Downard 2000).

8.2 Direct Mortality from Humans
Specific to the California red-legged frog is the historic threat of widespread commercial
harvesting for food. This intense exploitation of California red-legged frogs during the mid1800’s is considered a major factor in their decline throughout their range, particularly within the
Central Valley where populations are currently largely absent (Jennings and Hayes 1985;
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USFWS 2002). While overharvesting is a well-documented reason for historical population
decline, it is not currently considered a significant threat as California red-legged frogs are no
longer widely harvested as a food source (USFWS 2002).
A direct result of habitat loss and fragmentation is the threat of vehicle related mortality.
Bain et al. (2017) discusses how the migratory nature of California tiger salamanders increases
the risk of vehicle related mortality as individuals may attempt to cross roadways while moving
to and from breeding ponds. In fragmented habitats California tiger salamanders may be forced
to navigate anthropogenic barriers, such as roadways, when migrating between breeding pools
and upland habitat (Twitty 1941; Bain et al. 2017; Brehme et al. 2021). While vehicle related
mortality has been well documented it is not well understood how many deaths occur from
vehicle collisions as it can be difficult to detect due to a lack of monitoring and the likelihood of
carcasses being scavenged upon prior to human detection (USFWS 2017). Little evidence is
available regarding the threat of vehicle related mortality to California red-legged frogs (USFWS
2002). Although evidence is lacking, it is reasonable to expect some threat of mortality from car
collisions as California red-legged frogs are known to move long distances across terrestrial
landscapes (Fellers and Kleeman 2007).

8.3 Predation & Competition from Non-Native Species
Bullfrogs were introduced to California in the late 1800’s and have long been considered
a primary driver in the decline of California tiger salamanders and California red-legged frogs
through direct predation and competition for resources (Hayes and Jennings 1986). Lawler et al.
(1999) found that in the presence of bullfrog tadpoles, <5% of California red-legged frog
tadpoles survived to metamorphosis, compared to approximately 34% larval survival in control
ponds without bullfrogs present. Adult bullfrogs are also known to predate upon California redlegged frog larvae, juveniles, and adults, although both species have been observed to coexist in
some aquatic habitats (Cook and Jennings 2001; Cook 2002; Doubledee et al. 2003; Wilcox
2011). Bullfrog predation of California tiger salamanders is also well-documented with some
populations being eliminated through predation (P. Anderson 1968; Shaffer et al. 1993; USFWS
2017). Research in a vernal pool system by Morey and Guinn (1992) suggests that as bullfrog
abundance increases, California tiger salamander abundance decreases. Overall, the presence of
larval and adult bullfrogs is associated with negative impacts on survivability for both California

35

tiger salamanders and California red-legged frogs, particularly during their larval stages when
they are most vulnerable to predation (P. Anderson 1968; Hayes and Jennings 1986; Shaffer et
al. 1993).
Due to the large overlap in habitat use and life cycle, research suggests that bullfrog
presence likely has additional impacts on California red-legged frogs. D’Amore et al. (2009)
found that bullfrogs may interfere with California red-legged frog reproduction as forty-three
observations were recorded of adult California red-legged frogs attempting to mate with
bullfrogs. While hybridization is not a concern, this research indicates that bullfrog presence may
act as a reproductive barrier in some California red-legged frog populations. Research by
Kiesecker and Blaustein (1998) suggests that bullfrog presence may also impact aquatic habitat
use by larval California red-legged frogs. In the presence of bullfrogs, larval California redlegged frogs were found to utilize cooler, less preferable, sections of aquatic habitat likely to
avoid bullfrog predation. As a result, California red-legged frog larvae were found to require
more time to complete metamorphosis, and once metamorphosed, exhibited a decrease in
average mass. This finding suggests that the presence of bullfrogs not only presents a risk of
predation to California red-legged frogs, but also may reduce survivorship by inducing changes
in habitat use and growth rates (Kiesecker and Blaustein 1998; Lawlor et al. 1999).
Non-native fish such as largemouth bass (Micropterus salmoides), redear sunfish
(Lepomis microlophus), bluegill (Lepomis macrochirus), and mosquitofish (Gambusia affinis)
are known to predate upon California tiger salamanders and California red-legged frogs,
particularly during their respective egg, larval, and juvenile stages (Shaffer et al. 1993; Jennings
and Hayes 1994). Stokes et al. (2008) found that aquatic habitat with fish rarely supported larval
California tiger salamanders. Similarly, Leyse (2005) found that the presence of mosquitofish in
breeding pools resulted in a 76% decrease in California tiger salamander larvae survival and a
decrease in larvae size. Non-native crayfish species are also known to predate upon California
tiger salamander larvae with evidence suggesting that some populations may have been
eliminated due to the introduction of Louisiana red swamp crayfish (Procambarus clarkii)
(Shaffer et al. 1993; Jennings and Hayes 1994; USFWS 2017).
Alvarez et al. (2003) provides evidence suggesting that the presence of non-native fish
negatively influences the survivorship of larval and juvenile California red-legged frogs. Upon
removing non-native fish species from several ponds, Alvarez et al. (2003) observed a
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substantial increase in juvenile California red-legged frogs. While adult California red-legged
frogs were observed to coexist in ponds with non-native fish, very few juveniles, and no larvae
or eggs were observed in ponds containing non-native fish. Prior to non-native fish removal the
greatest number of juvenile California red-legged frogs observed in a single pond was fifteen and
after non-native fish removal the greatest number of juveniles observed in a single pond was 650
(Table 3). Two ponds were never observed with more than two juvenile California red-legged
frogs with fish present but were each found to contain >450 juveniles after non-native fish were
removed. This study strongly suggests that non-native fish negatively impact the survivorship of
larval and juvenile California red-legged frogs (Alvarez et al. 2003).

Table 3. Highest number of adult and juvenile California red-legged
frogs identified within each pond before and after non-native fish
removal. The first number in each set represents adults observed and
the second number represents juveniles observed (Alvarez et al.
2003).
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Historically, predation by native species is not considered a significant threat to
California tiger salamander and California red-legged frog populations. However, when
combined with anthropogenic pressures and threats from non-native species, predation by native
species may play a considerable role in population dynamics for both species (USFWS 2002;
2016). California red-legged frogs and California tiger salamanders are predated upon by a wide
range of native species including, but not limited to, raccoons (Procyon lotor), great blue herons
(Ardea herodias), great egrets (Casmerodius albus), American avocets (Recurvirostra
americana), belted kingfishers (Megaceryle alcyon), garter snakes (Thamnophis spp.), western
pond turtles (Actinemys marmorata), newts (Taricha spp.), and predacious hexapods such as
giant water bugs (Belostomatidae), diving beetles (Dytiscidae), and dragonfly nymphs
(Anisoptera) (Jennings and Hayes 1994; USFWS 2002; Allaback et al. 2005; Bobzien and
DiDonato 2007; Alvarez and Shea 2017; Alvarez and Meisel 2021). While this is not an
exhaustive list of native predators, it highlights the broad array of native predatory threats both
species face that may impact survivability throughout all life stages.

8.4 Hybridization with the Non-Native Barred Tiger Salamander
A threat specific to the California tiger salamander is hybridization with the non-native
barred tiger salamander (A. tigrinum mavortium). Barred tiger salamanders were intentionally
introduced to California as fishing bait and can hybridize with California tiger salamanders,
yielding viable offspring capable of reproduction (Shaffer et al. 1993; Fitzpatrick et al. 2010;
McGinnis and Stebbins 2018). Hybrids have become well established in specific areas
throughout the range of native, otherwise known as, pure California tiger salamanders. Hybrids
are particularly established within the Salinas Valley in Monterey County, with offspring
exhibiting hybrid vigor, a term describing the increased survivability and fitness often observed
in hybrid species (Shaffer et al. 1993). Compared to pure California tiger salamanders, hybrids
exhibit reproductive advantages, higher larval survival rates, faster growth rates, and increased
size at time of metamorphosis (Shaffer et al. 1993; Fitzpatrick and Shaffer 2007a; 2007b; Cooper
and Shaffer 2021). Hybrids also introduce super invasive alleles into populations of pure
California tiger salamanders and threaten genetic distinctiveness by diluting native genomes
(Fitzpatrick et al. 2010; Ryan et al. 2012; Wilcox et al. 2015; Cooper and Shaffer 2021).
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Figure 13. Adult California tiger salamander and barred tiger salamander hybrid. Photograph used
with permission © Gary Nafis (www.californiaherps.com).

Hybridization is not ubiquitous throughout the entire range of the California tiger
salamander and is an issue affecting specific regions and populations, particularly within
Monterey County’s Salinas Valley and surrounding areas. Presently, hybridization is not widely
considered to be a significant threat to the entirety of the California tiger population. Hybrid
populations are generally geographically isolated and are unlikely to continue widespread
introgression to other pure California tiger populations (J. Alvarez, pers. comm., October 13,
2021). Therefore, management of hybrids should be reserved for areas where hybrid populations
are confirmed to be well established and pose a threat to locally pure California tiger salamander
populations.
The expedited development and increased fitness of hybrids negatively impacts the
growth rates and overall survival of pure California tiger salamanders. Hybrids can outcompete
pure California tiger salamanders for resources, resulting in a decrease in pure California tiger
salamander body size and an increase in time required for metamorphosis (Ryan et al. 2009;
Cooper and Shaffer 2021). Ryan et al. (2009) suggests that smaller body size at the time of
metamorphosis may lead to increased risk of desiccation and predation as California tiger
salamanders disperse into upland habitats. The ecological role of hybrids also differs from pure
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California tiger salamanders as hybrids may consume larger and more diverse prey items due to
their increased size and rapid development. Additionally, because of their generally larger size
and faster growth rates, hybrid California tiger salamanders are known to cannibalize pure
California tiger salamanders (Shaffer et al. 1993; Fitzpatrick and Shaffer 2007b; Ryan et al.
2009).
Research suggests that hybrids can better tolerate higher thermal conditions than pure
California tiger salamanders and can move greater distances at higher temperatures (Johnson et
al. 2010; Cooper and Shaffer 2021). Ryan et al. (2012) also found that hybrids may exhibit a
higher tolerance to changes in food availability, as well as changes in aquatic conditions such as
chemical and pesticide contamination. Additionally, while pure California tiger salamanders
must metamorphose to reach sexual maturity, hybrids can develop in perennial aquatic habitats
as sexually mature larvae, known as paedomorphs. Hybrid paedomorphs have a reproductive
advantage as they can achieve sexual maturity earlier and lay more eggs than pure California
tiger salamanders (Shaffer et al. 1993; Fitzpatrick and Shaffer 2007a; 2007b).
Reproductive, developmental, and survivability advantages give hybrids a distinct
competitive edge over pure California tiger salamanders. While Johnson et al. (2013) suggests
that ephemeral aquatic habitats with short hydroperiods favor pure California tiger salamanders
over hybrids, the current prevalence of stock ponds and other perennial aquatic breeding habitats
likely favors hybrids (Shaffer et al. 1993; Fisher and Shaffer 1996). The ability of hybrids to
adapt and better tolerate changes in habitat, temperature, and prey availability may provide
hybrids with an advantage over pure California tiger salamanders, particularly when considering
continued anthropogenic impacts and effects of climate change.
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Figure 14. Known distribution of hybrid California tiger salamanders throughout
the range of the Central California DPS (USFWS 2017).

8.5 Disease
Infectious diseases have been well documented to cause declines in amphibian
populations globally and within California (Picco et al. 2007; Padgett-Flohr 2008).
Anthropogenic activities such as the pet trade and the movement of amphibians for bait and food
are likely responsible for the global transmission of amphibian diseases into naïve populations
not adapted to cope with them (Cunningham et al. 2003; Picco et al. 2007). Amphibian species
native to California, including the California tiger salamander and California red-legged frog, are
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susceptible to several infectious diseases that may reduce survivability of individuals and have
the potential to cause mortality and population declines (Picco et al. 2007; Padgett-Flohr 2008).
Batrachochytrium dendrobatidis (BD), is a waterborne chytrid fungus implicated in the
decline of numerous amphibian species worldwide and is known to infect both the California
tiger salamander and California red-legged frog. BD is found to cause high rates of mortality in
amphibians, with frog and toad species being particularly susceptible (Padgett-Flohr 2008).
However, over an eighteen-month study period Padgett-Flohr (2008) found that neither
California tiger salamander nor California red-legged frog subadults experienced mortality when
infected with BD in a lab setting. California tiger salamander (N=30) and California red-legged
frog (N=12) larvae were collected in the wild from a single site and reared in a lab setting until
all individuals metamorphosed. Padgett-Flohr (2008) found six California red-legged frogs to
already be naturally infected with BD and twenty California tiger salamanders were artificially
infected. The remaining individuals served as a control group and were uninfected with BD.
Padgett-Flohr (2008) did not observe either species to display apparent signs of sickness when
infected with BD, as all infected individuals exhibited normal behavior when feeding and
moving within their respective ponds and tanks. The most notable observed effect of BD
infection was increases in skin sloughing for both species with infected California tiger
salamanders found to slough skin at three times the rate of individuals not infected with BD.
While no mortality was observed in either species over the eighteen-month study period,
increases in skin sloughing may result in an increased energy demand for both species which, in
the long-term may reduce survivability in naturally occurring populations (Padgett-Flohr 2008).
While Padgett-Flohr (2008) reports that BD induced mortality is uncommon among
California tiger salamanders and California red-legged frogs, Adams et al. (2020) found that
mortality may occur in California red-legged frog populations. Field research by Adams et al.
(2020) yielded a single case of confirmed BD induced mortality in a California red-legged frog
subadult. In natural populations, subadults exhibited higher BD loads than adults, suggesting that
subadults may be more susceptible to BD infection (Adams et al. 2020). While direct mortality
from BD infection appears to be uncommon within California tiger salamander and California
red-legged frog populations, research suggests that mortality is possible for California red-legged
frogs and infection may result in increased energy costs for both species, potentially reducing
long-term fitness and survivability (Padgett-Flohr 2008; USFWS 2017; Adams et al. 2020).
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Another chytrid fungus (Batrachochytrium salamandrivorans) (BSal) has been found to
cause rapid declines in some European salamander populations (Martel et al. 2014). While some
evidence suggests that Ambystomatids such as the California tiger salamanders may be resistant
to BSal, there remains much uncertainty surrounding the disease and its potential impacts
(Martel et al. 2014; Yap et al. 2015; USFWS 2017). BSal has not yet been detected on the west
coast of the United States but does pose a long-term risk as it is expected to continually spread
through pathways such as the pet trade. It is expected that BSal will eventually be introduced to
California and will likely impact native amphibian populations. However, there is much
uncertainty surrounding BSal and the potential impacts to California’s native amphibians and
currently the threats are not well understood (J. Alvarez, pers. comm., October 13, 2021).
Specific to California tiger salamanders is the threat of the A. tigrinum virus (ATV). ATV
is an amphibian ranavirus that has been implicated in large-scale declines of tiger salamander
species (Ambystoma spp.) in the western United States (Jancovich et al. 2001; USFWS 2017).
California tiger salamanders are known to be susceptible to ATV, although outbreaks have not
been observed in natural populations (Picco et al. 2007; USFWS 2017). Picco et al. (2007)
determined that California tiger salamanders are susceptible to ATV infection and mortality. In a
lab setting, Picco et al. (2007) infected six California tiger salamanders and observed effects such
as lesions and hemorrhaging, consistent with effects observed in other infected tiger salamander
subspecies. Five of the six California tiger salamanders infected with ATV died, with infection
and mortality rates consistent with those observed in other tiger salamander subspecies. Picco et
al. (2007) suggests that California tiger salamanders are likely equally susceptible to ATV
induced mortality as other tiger salamander subspecies. Because other tiger salamander
subspecies have experienced large-scale population declines due to ATV outbreaks, it is
reasonable to expect comparable population declines if naturally occurring California tiger
salamander populations were infected (Picco et al. 2007).
The parasitic flatworm (Ribeiroia ondatrae) hereafter referred to as Ribeiroia, poses a
threat to California tiger salamanders and California red-legged frogs as it is known to cause
limb malformations in North American amphibians (Johnson and Chase 2004). Ribeiroia
reproduces asexually within snail hosts (Planorbella spp.) and offspring can enter aquatic
habitats and encyst around the developing limbs of amphibian larvae. This may result in extra,
missing, or severely malformed limbs in amphibians (Johnson and Chase 2004). These
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deformities are known to cause infection and significantly decrease survivability in infected
amphibians (Johnson et al. 2007). Johnson et al. (2007) found that the ability of Ribeiroia to
infect amphibians is increased when aquatic habitats experience eutrophic conditions.
Eutrophication is directly correlated with an increased disease risk to amphibians as amplified
nutrient loading in aquatic habitat increases the reproduction, growth, and survivability of host
snails. As snail populations increase, so does Ribeiroia and the rate of infection among
amphibian larvae. Additionally, eutrophic conditions were found to enhance the ability of snails
to produce Ribeiroia, also contributing to an increase in amphibian infection (Johnson and Chase
2004; Johnson et al. 2007).

b

a

Figure 15. Ribeiroia lifecycle and deformative effects on amphibians. (a) The lifecycle of Ribeiroia, depicting the
parasite’s movement from the initial snail host to the intermediate amphibian host, and to the final bird host
(Johnson and Lunde 2005). (b) Development of an extra limb on an unspecified frog species due to Ribeiroia
infection (Johnson et al. 2007).

8.6 Pollutants & Water Quality
Pollutants and contaminants are considered a significant threat to California tiger
salamanders and California red-legged frogs as amphibians are known to be sensitive to a variety
of anthropogenic chemicals (Blaustein and Wake 1990; USFWS 2002; 2017). Because both
species occupy terrestrial and aquatic habitat throughout their respective life cycles, they are
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likely exposed to a wide range of pollutants. Probable forms of contamination exposure include
pesticides, herbicides, fertilizers, and various forms of road, urban, and suburban runoff.
Herbicides and insecticides are known to negatively impact amphibians and have been
found to disrupt egg and larval development (Larson et al. 1998; Ingerman et al. 1999; USFWS
2002; 2016; 2017). The widely used herbicide Atrazine is known to be an endocrine disruptor in
amphibians that can feminize male larvae and slow larval growth and development (T.B. Hayes
et al. 2006). Atrazine was also found to impair the nervous and immune systems of the
salamander species (A. barbourin), increasing their vulnerability of contracting ranavirus (Rohr
and Palmer 2005; Forson and Storfer 2006; Anderson 2013). Atrazine and carbaryl are also
linked with declines in larval survival and growth rates, as well as increases in limb deformities
in ambystomatid salamanders. Other herbicides and pesticides such as acteochlor, endosulfan,
octylphenol, and paraquat have shown to cause decreases in amphibian larval survival and
growth rates (Rohr et al. 2003; Mann et al. 2009; Anderson 2013). Pesticides also reduce the
invertebrate prey that both California tiger salamanders and California red-legged frogs depend
upon (Ryan et al. 2012). Research suggests that agricultural contamination such as pesticides and
agrochemicals may be responsible for amphibian declines, potentially causing illness in
amphibians and shifts in salamander sex ratios (Davidson et al. 2001; Ryan et al. 2012).
Runoff, particularly from agricultural practices is well documented to negatively impact
water quality and may have direct and indirect impacts on California tiger salamanders and
California red-legged frogs (USFWS 2002; Johnson and Chase 2004; USFWS 2016; 2017). The
input of excess nutrients such as nitrogen and phosphorus may result in the eutrophication of
aquatic habitat. As previously discussed, eutrophication is correlated with increases in the
abundance of parasitic Ribeiroia which are known to cause amphibian limb malformities,
resulting in decreased survivability (Johnson and Chase 2004; Johnson et al. 2007). Additionally,
eutrophication decreases the availability of dissolved oxygen in aquatic environments and may
impact survivability of larval amphibians and reduce prey availability (J. Wilcox pers. comm.,
October 13, 2021). Because California tiger salamanders and California red-legged frogs
frequently occur near densely human populated areas often associated with ongoing agricultural
and industrial practices, the aquatic habitats utilized by both species face a wide variety of threats
from chemical application and pollutant runoff.
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Table 4. Threat comparison between the California red-legged frog and California tiger salamander.

Threat Type

California Red-legged Frog

Habitat Loss & Significant loss of upland & aquatic
Fragmentation habitat (~70% reduction in habitat range)
Barriers to dispersal, migration, genetic
flow

California Tiger Salamander

References

Significant loss of upland & aquatic habitat (~75%
reduction in habitat range)

(Hayes and Jennings 1988; Fisher and
Shaffer 1996; USFWS 2002; 2016)

Barriers to dispersal, migration, genetic flow
Road mortality

Habitat
Alteration

Non-native vegetation limits movement,
reduces burrowing mammals

Non-native vegetation limits movement, reduces
burrowing mammals

(Germano et al. 2012; Ford et al.
2013; USFWS 2016; J. Alvarez; J.
Wilcox pers. comm., October 13,
2021)

Non-Native
Species

Bull frogs, predatory fish
(competition/predation)

Bull frogs, predatory fish (competition/predation)

(Hayes and Jennings 1986; Shaffer et
al. 1993; Jennings and Hayes 1994;
USFWS 2002; 2016)

Disease

Chytrid fungus (BD): mortality rare, skin
sloughing/increased energy use

Hybridization with barred tiger salamander
Chytrid fungus (BD): skin sloughing/increased
energy use (no mortality)

Ribeiroia: limb deformities, reduced
survivability

Chytrid fungus (BSal): not well understood, high
rates of mortality in some salamander species

(Johnson and Chase 2004; Johnson et
al. 2007; Picco et al. 2007; PadgettFlohr 2008; Martel et al. 2014; Yap et
al. 2015; USFWS 2017; Adams et al.
2020)

ATV: mortality possible, rare in natural populations
Pollutants

Herbicides & Insecticides: disrupt
egg/larval development, decrease larval
survival, reduce invertebrate prey
Agricultural Runoff: fertilizers may
cause eutrophication in aquatic habitat

Ribeiroia: limb deformities, reduced survivability
Herbicides & Insecticides: disrupt egg/larval
development, decrease larval survival, reduce
invertebrate prey, cause limb deformities & shifts in
sex ratios

(Larson et al. 1998; Ingerman et al.
1999; Davidson et al. 2001; USFWS
2002; Rohr et al. 2003; Mann et al.
2009; Ryan et al. 2012; Anderson
2013; USFWS 2016; J. Wilcox pers.
comm., October 13, 2021)

Agricultural Runoff: fertilizers may cause
eutrophication in aquatic habitat
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9. Implications of Climate Change
The effects of climate change are widely considered a significant threat to amphibian
populations globally (Pounds et al. 2006; Walls et al. 2013; Moss et al. 2021). Considerable
effects of climate change that may negatively affect California tiger salamanders and California
red-legged frogs include alterations in precipitation patterns, increases in the severity and
frequency of droughts, and escalation of average temperatures (Hayhoe et al. 2004; Dai 2013;
EcoAdapt 2021). These effects may act as stressors that increase the vulnerability of both species
to a variety of other threats (EcoAdapt 2021). Because California tiger salamanders and
California red-legged frogs depend on aquatic habitat for reproduction, fluctuations in
hydroperiods due to increases in drought and temperature may have negative implications for
reproduction and larval survivability (Brooks 2009; Moss et al. 2021). While limited published
literature is available regarding the impacts of climate change to California tiger salamanders and
California red-legged frogs specifically, parallels can be drawn from other amphibian species
possessing similar life histories.
Extreme drought is associated with substantial decreases in ambystomatid salamander
breeding. Kinkead and Otis (2007) found up to 90% of a population of mole salamanders (A.
talpoideum) to forgo breeding altogether during intense drought. Severe drought is likely to
reduce the availability of suitable breeding sites for California tiger salamanders and California
red-legged frogs (Moss et al. 2021). With a decrease in breeding pools both species may be
required to disperse greater distances when moving between upland and aquatic habitats.
Increased dispersal distances expose individuals to amplified threats of desiccation and predation
(Gamble et al. 2007; Walls et al. 2013). Escalations in temperature and drought may also shorten
the hydroperiods of aquatic habitat, resulting in ponds drying earlier in the year. Shortened
hydroperiods reduces the time available for larval development and may lead to a heightened risk
of larval desiccation if natal pools dry before larvae are ready to metamorphose (Feaver 1971;
Gamble et al. 2007; Ford et al. 2013; Walls et al. 2013). Increases in temperature and decreases
in precipitation may also affect the migration and dispersal of California tiger salamanders and
California red-legged frogs as rainfall is known to influence the timing of amphibian movement
(Allaback et al. 2010; Todd and Winne 2006). California tiger salamander and California redlegged frog reproduction is likely triggered by local temperature and precipitation, indicating that
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the effects of climate change may influence the reproductive timing and movement of both
species, potentially impacting reproductive success (Jennings and Hayes 1994; Loredo et al.
1996; Allaback et al. 2010).
Several studies have found correlations between the effects of climate change and
increases in disease outbreaks in amphibian populations (Pounds et al. 2006; Adams et al. 2017).
Pounds et al. (2006) suggests that the effects of climate change, such as shifts in temperature and
changes to hydrologic cycles, appear to facilitate the spread of BD within amphibian
populations. This concept is supported by Adams et al. (2017) whose findings indicate that
drought contributes to amplified BD loads in aquatic habitats, resulting in increases of BD
infection in foothill yellow-legged frogs (R. boylii). Because drought reduces the amount of
suitable aquatic breeding habitat, foothill yellow-legged frogs were found in higher densities
within the limited aquatic breeding habitat that was available. Higher densities of foothill yellowlegged frogs in aquatic habitat resulted in increased BD loads, amplifying the likelihood of
infection (Adams et al. 2017). As California red-legged frogs and California tiger salamanders
are susceptible to BD infection, increases in BD loading caused by drought may increase the
infection rate of both species and negatively impact survivability (Padgett-Flohr 2008).
While climate change is widely considered detrimental to amphibian populations, Moss
et al. (2021) finds that California’s native amphibians, including the California tiger salamander
and California red-legged frog may be more resilient to increased drought than non-native
species such as fish and bullfrogs (Pounds et al. 2006; Walls et al. 2013). Moss et al. (2021)
analyzed the impacts of sustained drought throughout the San Francisco Bay Area and found that
drought reduced the availability of aquatic habitat and was associated with a reduction of pond
occupancy by California tiger salamanders and California red-legged frogs. Although both
species appeared sensitive to severe drought, they were able to reestablish in ponds once they
again became inundated. While California tiger salamanders and California red-legged frogs
were able to recover to pre-drought pond occupancy levels, non-native fish and bullfrogs were
less successful in reestablishing and were lost from several ponds that dried during severe
drought. This indicates that while drought reduces aquatic habitat and may negatively impact
California tiger salamander and California red-legged frog reproduction, non-native species are
less resilient to drought and may be disproportionately impacted. Moss et al. (2021) suggests that
periods of intense drought may aid in the eradication of non-native species, particularly in
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perennial water bodies such as stock ponds, potentially resulting in long-term benefits for native
amphibians such as California tiger salamanders and California red-legged frogs.
The exact effects of climate change to California tiger salamanders and California redlegged frogs are not well understood. While climate change is considered a substantial threat to
amphibians worldwide, additional research is needed to better understand the direct effects to
California tiger salamanders and California red-legged frogs and their habitats (Pounds et al.
2006; Walls et al. 2013; Moss et al. 2021). The impacts of climate change are likely to be
variable across each species’ range and therefore should be analyzed and managed on a sitespecific scale.

10. Management Recommendation Overview
10.1 Management Recommendation Goals
The following management recommendations were developed with the overall goal of
improving the upland and aquatic habitat of the California tiger salamander and California redlegged frog. Consideration of each species’ life history, primary threats, and specific needs was
critical in generating management recommendations. The sympatry exhibited between California
tiger salamanders and California red-legged frogs allows for most management
recommendations to be applicable to both species. However, it is important to understand that
differences do exist between the species and some management strategies may need to be
modified to best suit specific goals. Improving habitat conditions is crucial to increasing the
survivability of both species and promoting population recovery. These recommendations aim to
address the shortcomings of existing management plans by providing more current information
on each species and updating practical management strategies. Additionally, these
recommendations attempt to convey the importance of utilizing a site-specific approach and
using surveying and monitoring as tools for conducting adaptive management.

10.2 Discussion on Management
It is imperative to employ a site-specific approach when managing for California tiger
salamanders and California red-legged frogs. Individual sites and populations have their own
particular needs and not all management recommendations presented in this document are
appropriate for any given site. Those tasked with management have the responsibility to
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understand the needs specific to their own sites and determine which management strategies will
best address those needs. Additionally, over-managing a site or implementing inappropriate
management strategies can cause more harm than good (J. Wilcox, pers. comm., October 13,
2021). If California tiger salamander and California red-legged frog populations are stable and
the habitat appears tolerable, substantial management intervention should be approached with
caution. While the management recommendations in this document are intended to be widely
applicable across the overlapping range of both species, management needs will vary on a siteby-site basis.

10.3 Surveying & Monitoring
Conducting USFWS protocol-level surveys is often useful in determining the
management needs of a particular site. Surveys can be used to gather a wide variety of data
regarding California tiger salamander and California red-legged frog population trends and may
be used to inform management decisions. While a variety of survey techniques exist, appropriate
survey methods ought to be determined based on the species and its respective life stage, the
habitat, and the type of data desired. Surveys must be conducted by following the publicly
available guidance provided by the USFWS and federal and state permits are generally required.
Active monitoring is a critical component in effectively managing California tiger
salamanders and California red-legged frogs. Managers should not assume the effectiveness of a
management strategy based upon past results or known information regarding a species’ life
history and habitat use (J. Alvarez, pers. comm., October 13, 2021). Because terrestrial and
aquatic habitats are dynamic, adaptive management should be compulsory. Active monitoring
provides mangers the opportunity to observe changes in habitat conditions and population
structure, allowing them to address issues that arise and more effectively manage a site.
It is generally recommended that monitoring and surveying occurs at least once during
the breeding season, once during the larval stage, and several times during the metamorphosis
period. For both California tiger salamanders and California red-legged frogs metamorph
survival is key in determining population success as it indicates the presence of successful
breeding populations, suitable habitat, and tolerable conditions for egg and larval development
(J. Alvarez, pers. comm., October 13, 2021). Active surveying and monitoring across various life
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stages may provide mangers with a more complete view of a site and can help to gauge
management success.

10.4 Preservation of Habitat & Connectivity
Because habitat loss and fragmentation are likely the greatest threat facing the California
tiger salamander and California red-legged frog, preservation of extant upland and aquatic
habitat should be of the highest priority (USFWS 2002; 2017). However, this document
acknowledges the substantial challenges and complexity associated with habitat preservation as
it is influenced by a variety of economic, political, and social factors. While practical
management recommendations may be unrealistic for protecting large swaths of habitat,
measures can be implemented to improve habitat connectivity and will be discussed in the
following section regarding upland habitat management.

11. Upland Habitat Management
11.1 Grazing & Terrestrial Vegetation Management
Grazing is a valuable tool for managing the upland habitat of California tiger salamanders
and California red-legged frogs. Historically, California grasslands were home to a wide array of
grazing vertebrate species that are now extinct or have been substantially reduced in numbers
since European settlement (Bartolome et al. 2014). Both California tiger salamanders and
California red-legged frogs have evolved with these grazers and although natural grazing
pressures have been reduced significantly, livestock grazing can serve as a feasible alternative
(Marty 2005; J. Wilcox, pers. comm., October 13, 2021). Cattle primarily fill this role as they are
ubiquitous across the range of the California tiger salamander and California red-legged frog and
generally prefer to feed on non-native grasses (Bartolome et al. 2014).
Livestock grazing benefits California tiger salamanders and California red-legged frogs
by reducing the density of vegetation, particularly non-native annual grasses in upland habitats
(Marty 2005). Because dense vegetation in upland habitats may act as a barrier to dispersal and
migration for both species, implementation of good grazing practices can promote a more
navigable landscape (Wang et al. 2009; J. Alvarez, pers. comm., October 13, 2021). Grazing can
also improve soil health which in turn promotes arthropod prey that is consumed by both species
(J. Wilcox, pers. comm., October 13, 2021). Grazing practices should be implemented with the
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consideration that California tiger salamanders and California red-legged frogs can migrate at
least 1.3 and 2.0 miles from breeding pools respectively (Bulger et al. 2003; Orloff 2011). When
feasible, grazing should be encouraged across potential California tiger salamander and
California red-legged frog upland habitat to promote movement across terrestrial landscapes and
improve access to breeding habitat.
While grazing is generally the most efficient and cost-effective means of vegetation
management in upland habitat, other methods such as mowing, hand removal, and controlled
burns may aid in reducing vegetation density. Utilization of controlled burns should be
approached with caution as information surrounding potential impacts to California tiger
salamanders and California red-legged frogs is lacking. These vegetation control methods may
be used to specifically target non-native vegetation that tend to densely blanket the landscape and
inhibit amphibian movement. Planting and promotion of native vegetation may also aid in
facilitating California tiger salamander and California red-legged frog movement as native
perennial grasses are generally less dense and more navigable for both species (J. Alvarez; J.
Wilcox, pers. comm., October 13, 2021).

11.2 Promotion of Ground Squirrels
Presence of stable ground squirrel populations is critical for providing California tiger
salamanders and California red-legged frogs with burrow habitat (Loredo et al. 1996; Tatarian
2008). Grazing across upland habitat promotes California ground squirrel populations as it
maintains the open habitats that California ground squirrels prefer. Grazing reduces vegetation
density and helps prevent California ground squirrel colonies from abandoning their burrows due
to vegetation overgrowth (Fehmi et al. 2005). California ground squirrel populations may also be
promoted by reducing rodent control efforts (Grinnell and Dixon 1918; Storer 1933). Intentional
killing of California ground squirrels and other burrowing mammals through use of poisoned bait
stations, fumigation, combustible gas, shooting, or any other method should be ceased (Ford et
al. 2013; USFWS 2017; J. Alvarez, pers. comm., October 13, 2021). Use of these rodent control
efforts may not only reduce available burrow habitat for California tiger salamanders and
California red-legged frogs but may also result in direct mortality to both species.
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11.3 Wildlife Crossings
The implementation of wildlife crossing tunnels has proven to be effective in providing
California tiger salamanders with corridors for migration across hazardous roadway barriers
(Bain et al. 2017; Brehme et al. 2021). Brehme et al. (2021) estimates that 34 to 37% of
California tiger salamanders in the study successfully used underpass tunnels to access breeding
sites across a roadway. Similarly, Bain et al. (2017) found that 51% of California tiger
salamanders successfully utilized underground tunnel systems to migrate between upland and
breeding habitat across a roadway. This is also supported by Jackson and Tyning (1989) who
found that sixty-six of eighty-seven (75.9%) of spotted salamanders (A. maculatum) successfully
crossed through underground tunnels. The effectiveness of road crossings for California redlegged frogs is not well known due to limited research. However, Lesbarrères et al. (2004) found
that water frogs (R. esculenta), agile frogs (R. dalmatina), and common toads (Bufo bufo) all did
utilize underground tunnels to varying degrees.
The installation of barrier fencing may be useful in improving the effectiveness of
underpass tunnels as fencing can be configured to direct individuals toward tunnel entrances
while also preventing them from accessing hazardous barriers such as roadways (Bain et al.
2017; Brehme et al. 2021). Brehme et al. (2021) found that California tiger salamanders move
substantially shorter distances along barrier fences then they do when moving across the natural
landscape during breeding migrations. Therefore, Brehme et al. (2021) suggests that underpass
tunnels not be spaced more than 12.5 meters apart to increase the likelihood of an individual
successfully reaching and utilizing a tunnel. Minimizing the spacing between underpass tunnels
reduces the distances individuals must travel along barrier fences and decreases the likelihood of
an individual giving up on a migration. Brehme et al. (2021) also found that solid barrier fencing
is more effective than transparent fencing for directing California tiger salamanders to underpass
tunnels. While this topic requires additional research, particularly regarding California redlegged frogs, crossing tunnels offer a potential strategy to promote habitat connectivity and
reduce mortality in fragmented habitat.
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b

Figure 16. Wildlife underpass and barrier fencing array designed for California tiger salamander road
crossing. Images display (a) a roadway underpass with a camera positioned at the entrance, and (b) the
associated barrier fence used to channel California tiger salamanders towards underpass entrances (Brehme
et al. 2021).

12. Aquatic Habitat Management
12.1 Removal of Non-Native Species
The presence of non-native species such as bullfrogs and predatory fish in aquatic habitat
is generally detrimental to, and in some cases incompatible with, the persistence of California
tiger salamanders and California red-legged frogs (Shaffer et al. 1993; Jennings and Hayes 1994;
Alvarez et al. 2003; Stokes et al. 2008). The removal of non-native species improves aquatic
habitat by reducing the threats of predation and competition. Intentional introductions of nonnative species should be avoided and is most applicable to mosquito fish, which are commonly
introduced to aquatic habitats as a form of mosquito control (Jennings and Hayes 1994).
Promotion of California tiger salamander larvae should instead be encouraged as they are known
to feed upon mosquito larvae (Stebbins and McGinnis 2012). While non-native species removal
is a useful management strategy, preventing the establishment of non-native species should be
prioritized as it prevents the need for costly and time-consuming removal efforts.
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Pond draining is a proven method for removing non-native fish from perennial aquatic
habitat (Alvarez et al. 2003; Gilliland 2010). However, draining may not always be practical,
particularly in lotic habitats such as streams. Pumps or other draining methods can be used to
reduce water levels to the point where only a small pool remains, concentrating all organisms
and allowing for easier removal (J. Alvarez, pers. comm., October 13, 2021). During a fish
removal, Alvarez et al. (2003) first reduced water levels to 50.0 cm to remove as many fish as
possible and then reduced water levels to < 3.0 cm to remove the remaining fish. Fish can be
removed via seins, dip nets, or throw nets and should be euthanized and not introduced into other
aquatic habitat. Small fish may be able to survive in minute water pockets or may be hidden
within mud and may require additional efforts. Alvarez et al. (2003) used plywood to smooth the
mud and eliminate excess moisture to ensure no small fish remained, and then applied small
amounts of sodium hypochlorite or bentonite to areas that may have concealed fish. This proved
to be a successful method for complete fish removal. Ponds should be monitored closely
following draining to ensure that fish are completely removed in order to avoid populations from
reestablishing (Alvarez et al. 2003).
Pond draining should typically occur in the fall when water levels are the lowest and the
presence of eggs, larvae, or breeding adults is unlikely. Precautions should be taken to avoid
mortality of California tiger salamanders, California red-legged frogs, and other native nontarget species. This includes conducting surveys, using pump screens, and having a qualified
biologist present to monitor activities and carefully capture and relocate species. While
California tiger salamander and California red-legged frog mortality may occur, removal of nonnatives will provide compensatory long-term benefits to the entire population (J. Alvarez, pers.
comm., October 13, 2021).
Pond draining may also be useful in removing bullfrogs but may not be fully effective as
bullfrogs can hide in the mud, migrate between aquatic habitats, and may occur in ephemeral
aquatic habitat where draining is ineffective (Doubledee et al. 2003; J. Alvarez, pers. comm.,
October 13, 2021). Any bullfrogs encountered during pond draining should be euthanized.
Methods such as gigging (impaling with a spear-like tool) and air rifle shooting should also be
utilized, when possible, as they are targeted removal strategies that can occur regularly
throughout the year. Doubledee et al. (2003) recommends a combination of pond draining and
active shooting as the most effective means of eliminating bullfrog populations.
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12.2 Barred Tiger Salamander Hybrid Management
Because California tiger salamander hybrids may overwinter in perennial aquatic habitat
as paedomorphs, pond draining can be effective in their removal (Shaffer et al. 1993; Fitzpatrick
and Shaffer 2007a; SCVHP 2012; Wilcox et al. 2015). However, pond draining may result in the
unintentional killing of pure overwintering California tiger salamanders and may also result in
some genetic loss (J. Alvarez, pers. comm., October 13, 2021). Full removal of hybrids presents
a significant challenge as they can disperse great distances and may live up to eleven years in
upland habitat (Trenham et al. 2000; SCVHP 2012). Additionally, hybrids may be difficult to
differentiate from pure California tiger salamanders and often requires genetic testing.
Determination of a genetic threshold that distinguishes hybrids from pure California tiger
salamanders is also a complex matter (SCVHP 2012). Active removal of hybrids should be
reserved for specific scenarios, approached with caution, and should be conducted in conjunction
with close resource agency consultation. Additional research is likely necessary to re-evaluate
the issue of hybrids and determine next steps for management (J. Alvarez, pers. comm., October
13, 2021).

12.3 Grazing & Aquatic Habitat Vegetation Management
Livestock grazing can also serve as a valuable tool for managing submergent and
emergent aquatic vegetation as cattle commonly occur near suitable aquatic habitats such as
stock ponds. Gates, fencing, and electric wires may be used to exclude cattle and control grazing
location, intensity, and timing, to achieve specific management goals (J. Alvarez; J. Wilcox,
pers. comm., October 13, 2021). Grazing of aquatic habitats can reduce vegetation density, abate
non-native vegetation, and promote species diversity (Marty 2005). Grazing practices should be
site specific; if California tiger salamanders are the primary focus, heavy grazing pressure might
be preferred as they typically tolerate less vegetation and more nutrified water (Bobzien and
DiDonato 2007; J. Alvarez, pers. comm., October 13, 2021). If California red-legged frogs are
the focus, more controlled grazing and promotion of some aquatic vegetation may be preferred
(Hayes and Jennings 1988; Ford et al. 2013; J. Alvarez, pers. comm., October 13, 2021).
Managers should exercise caution and prevent over-targeting one species at the risk of excluding
the other.
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When managing aquatic habitat, it is generally beneficial to avoid complete cover of
emergent vegetation. Plant species such as cattail (Typha spp.), bulrush (Schoenoplectus spp.),
and mosquito fern (Azolla spp.) may dominate aquatic habitat and exclude California tiger
salamanders and California red-legged frogs (J. Alvarez; J. Wilcox, pers. comm., October 13,
2021). Dense emergent vegetation may also be detrimental to eggs and larvae as it can block
sunlight, reduce water temperatures, and increase biological oxygen demand (J. Wilcox, pers.
comm., October 13, 2021). However, some emergent vegetation is generally beneficial to
California red-legged frogs as it creates microhabitat and provides areas for shelter, basking,
foraging, and oviposition (Alvarez 2004a; J. Alvarez, pers. comm., October 13, 2021).
Unpublished research suggests and inverse relationship between pond perimeter
emergent vegetation cover and reproductive success of both California tiger salamanders and
California red-legged frogs (J. Alvarez in preparation). As the perimeter of aquatic habitats
approach 100% emergent vegetation cover, both species exhibit incremental reproductive
declines. Removal of the vegetation resulted in a dramatic increase in reproductive success,
indicating that a barrier to entrance in aquatic habitats is detrimental to the reproduction of both
species. If managing for both species, it is generally recommended that approximately 75% of a
breeding pond perimeter is grazed and approximately 25% of the perimeter is fenced off so that
vegetation can grow uninhibited. This allows for a vegetation mosaic that is tolerable for both
species (J. Alvarez, pers. comm., October 13, 2021).
Submergent vegetation may also be managed through grazing, as cattle will enter stock
ponds and graze on vegetation within the littoral zone. Grazing in the littoral zone typically
creates stubble beneath the water’s surface that provides structure for egg oviposition (Wilcox et
al. 2017). Information regarding submergent vegetation and management implications is limited
and requires additional research.
While grazing is generally considered beneficial to the aquatic habitat of California tiger
salamanders and California red-legged frogs, there is potential for negative impacts. Cattle may
cause an excess input of nutrients into aquatic systems that promotes eutrophication (J. Alvarez,
pers. comm., October 13, 2021). Additionally, trampling by cattle grazing and wading within
aquatic habitat poses an outside risk to both species but has never been documented to cause
mortality (USFWS 2017; J. Wilcox, pers. comm., October 13, 2021). Because both species
evolved with grazers, the impacts are likely negligible and don’t have significant impacts on
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California tiger salamander or California red-legged frog population persistence (USFWS 2017;
J. Wilcox, pers. comm., October 13, 2021).

12.4 Hydroperiod Management
While hydroperiods are generally driven by natural conditions, some strategies can be
utilized to alter aquatic habitat hydrology. If shortening a hydroperiod is desired for reasons such
as non-native species or hybrid removal, water can be drained. Extending hydroperiods may be a
more common management goal to extend the duration of pond inundation and promote larval
development and metamorph survival. To extend hydroperiods, water can be added to aquatic
habitat by trucking in water, mechanically pumping in water, or using a windmill or solar
powered pump to introduce ground water (J. Alvarez, pers. comm., October 13, 2021).
Hydroperiods may also be extended by conducting large-scale pond excavation, which can be
used to artificially alter pond depth and remove excess silt and vegetation (Riensche et al. 2019).
Pond excavation will be discussed more thoroughly in the subsequent section. Extending the
inundation period of aquatic habitat until late summer or fall will typically provide California
tiger salamanders and California red-legged frogs with sufficient time for metamorphosis (Storer
1925; Jennings and Hayes 1994; Ford et al. 2013). However, extending hydroperiods too long
may encourage recruitment of non-native species such as bullfrogs (J. Alvarez, pers. comm.,
October 13, 2021). Artificially extending or shortening hydroperiods may be particularly useful
in combating hydrologic alterations caused by climate change and could become increasingly
useful for managing aquatic habitat.
Pyke and Marty (2005) found that livestock grazing can increase the hydroperiod of
vernal pool systems. A grazing exclusion study suggested that after three years of omitting
grazing from vernal pools, ungrazed pools dried fifty days earlier on average than grazed vernal
pools. Similarly, Marty (2005) found that pools dried faster in areas that were ungrazed or
seasonally grazed compared to areas subjected to more intense grazing. Marty (2005) states that
the reduction or elimination of grazing increases vegetation abundance in and around pools,
increasing evapotranspiration rates and decreasing the duration of pool inundation. Additionally,
Marty (2005) discusses that increased soil compaction from grazing pressures may increase a
pool’s water-holding capacity, allowing for longer inundation. These findings indicate that
grazing may help extend aquatic habitat hydroperiods, providing larval California tiger
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salamanders and California red-legged frogs with sufficient time to develop, and may help
mitigate the effects of climate change (Marty 2005; Pyke and Marty 2005).

12.5 Pond Maintenance
Over time, ponds tend to gradually fill with sediment and vegetation, slowly losing their
ability to retain water (Aresco and Gunzburger 2004; J. Wilcox, pers. comm., October 13, 2021).
While there is considerable variability, the lifespan of a typical breeding pond utilized by
California tiger salamanders and California red-legged frogs is approximately ten to twenty years
before it fills in with silt (Riensche et al. 2019; J. Alvarez, pers. comm., October 13, 2021).
Mechanical silt removal is a practical method for removing sediment, vegetation, and excess
nutrients from an aquatic system. Silt removal can reset an aquatic system, transitioning
conditions from a eutrophic state to an oligotrophic state, improving conditions for California
tiger salamanders and California red-legged frogs (J. Alvarez, pers. comm., October 13, 2021).
Removing silt may improve aquatic habitat for both species by controlling vegetation, reducing
eutrophication, and removing non-native species. An additional benefit is that silt excavation
physically removes snail species that support the parasitic flatworm Ribeiroia and eliminates the
eutrophic conditions that proliferate snail reproduction (Johnson and Chase 2004; Johnson et al.
2007).
Unpublished data from a sediment and vegetation removal project across twelve ponds
revealed that California red-legged frogs thrived shortly after large-scale mechanical excavation.
One year after pond excavation, 75% of the treated ponds contained California red-legged frog
egg masses. Two years after excavation, 100% of the ponds contained egg masses and there was
a 300% increase in the average amount of egg masses observed per pond (J. Alvarez unpublished
data). The success of pond excavation is also exhibited by Riensche et al. (2019) who observed
substantial increases in California red-legged frog adults, egg masses, and larvae after removing
sediment and vegetation from a single pond (Fig. 17). After pond excavation, observations of
California red-legged frog egg masses and larvae increased 99% and 97% respectively (Riensche
et al. 2019). These studies indicate that while silt removal efforts may result in short-term habitat
disturbance, aquatic habitats will likely experience long-term improvements that promote
population growth of both species.
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Figure 17. The number of California red-legged frog adults, egg masses, and larvae observed at the Newt
Pond Wildlife Area, California, before and after removing silt and vegetation via excavation. Pond
excavation occurred in Sept. 2017 (Riensche et al. 2019).

Surveys should be conducted periodically to determine if a pond contains excess silt or
vegetation and is in need of excavation. It is recommended that surveys occur between year ten
and twenty of a pond’s lifespan with a plan in place for the mechanical removal of sediment (J.
Alvarez, pers. comm., October 13, 2021). The need for pond excavation is highly site dependent.
Because silt and vegetation removal require the draining of aquatic habitat, the pond draining
recommendations discussed in Section 12.1 “Removal of Non-Native Species” should be
referenced. Silt and vegetation removal will likely result in some mortality of California tiger
salamanders, California red-legged frogs, and other non-target species, and therefore requires
federal and state permits (J. Alvarez, pers. comm., October 13, 2021). While silt and vegetation
removal is costly and is highly impactful to wildlife and habitat in the short-term, it offers the
potential to greatly improve the long-term health of the aquatic habitat and California tiger
salamander and California red-legged frog populations.

60

12.6 New Pond Construction
New ponds can be created anthropogenically as a method for increasing the available
aquatic habitat for California tiger salamanders and California red-legged frogs. The creation of a
new pond is very site specific and may be influenced by a wide array of factors. Siting for pond
creation should be chosen carefully, ensuring that the location is suitable to retaining water and is
within suitable habitat for both species. During pond construction, bentonite can be used to seal
the pond bottom, or a pond liner made of thick rubber can be used to help retain water. The pond
should be designed to be shallow enough to allow for natural processes such as evaporation to
dry out the pond to achieve a natural hydroperiod. Pond creation should be approached with
California tiger salamander and California red-legged frog habitat requirements in mind and
should be conducted in consultation with experts.
Rannap et al. (2009) reports the following key components for successfully creating new
pond habitat for amphibians: (1) created ponds should be located near extant source ponds, (2)
ponds should be built in clusters and vary in design, (3) new ponds should be isolated from
running water to avoid pollution runoff, sedimentation, and introduction of fish species, (4)
created ponds must be connected to suitable upland habitat, (5) pond construction should be
overseen by field experts and a long-term management plan should be put into place. While these
recommendations are not specific to California tiger salamanders or California red-legged frogs,
they can be widely applied to biphasic pond-breeding amphibians and can help to increase the
availability of aquatic habitat for both species.

12.7 Water Quality
The input of anthropogenic chemicals such as pesticides, herbicides, and fertilizers into
aquatic habitat should be eliminated as they are known to have a variety of detrimental impacts
to amphibians (Larson et al. 1998; Rohr and Palmer 2005; T.B. Hayes et al. 2006).
Eutrophication should also be limited or avoided as it is known to increase the prevalence of the
parasite Ribeiroia, known to cause deformities and reduced survivability in amphibians (Johnson
and Chase 2004; Johnson et al. 2007). Exclusion of cattle from aquatic habitat may aid in
reducing nutrient inputs and silt removal can also be used to remove nutrient build up and reset
an aquatic system (J. Alvarez, pers. comm., October 13, 2021).
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12.8 Disease Management
Perhaps the most useful method for managing diseases such as BD, BSal, and ATV is
preventing pathogens from entering a population. To minimize disease transmission, the USFWS
provides publicly available decontamination guidelines that should be followed prior to entering
aquatic sites and handling amphibians (USFWS 2005). Anthropogenic transportation of wildlife
between habitats should also be avoided as it can promote the spread of pathogens. However,
disease prevention on a macro-scale is associated with many challenges as a variety of factors
influence disease transmission. While there are limited practical options for managing the spread
of disease, monitoring and testing can be effective management tools. Regular disease
monitoring and testing can aid in the detection and understanding of disease and may help to
inform an appropriate response.
Minimal information is published specific to the treatment of California tiger
salamanders and California red-legged frogs infected with pathogens. While the lack of
information makes it difficult to inform management decisions, several methods show promise in
treating BD and BSal in amphibians and research should continue to improve management
capabilities. One study specific to California tiger salamanders found that antifungal treatments
with Terbinafine hydrochloride were effective in clearing California tiger salamanders of BD
infection (Bowerman et al. 2010). Blooi et al. (2015) discuss that antifungal treatments used for
BD infection are not typically effective against BSal. However, Blooi et al. (2015) found that in
the right temperature conditions, a combination of two antifungals (voriconazole and polymyxin
E) cleared fire salamanders of BSal infection. Additionally, Bletz et al. (2013) discusses
bioaugmentation of protective bacteria as a method for defending unexposed amphibian
populations against BD. This method may act as a type of inoculation to individual amphibians
or entire habitats (Bletz et al. 2013). California tiger salamander and California red-legged frog
disease and potential treatment methods lack scientific data and undoubtedly require additional
research to improve future management.

13. Future Research
Much remains unknown regarding the California tiger salamander and California redlegged frog and continued research is critical to enhancing knowledge and improving the
management of both species. While a wide range of areas would greatly benefit from additional
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research, this section will discuss several key topics that may provide the most value to future
management.
Continued research on the effects of climate change across the range of the California
tiger salamander and California red-legged frog would likely be beneficial for future
management. Because the life cycles of both species are dependent upon seasonality and rainfall,
changes in precipitation and temperature regimes may impact aquatic habitat hydroperiods and
have effects on the timing of migrations, reproduction, larval development, and juvenile
dispersal (Brooks 2009; Gamble et al. 2007; Kinkead and Otis 2007; Moss et al. 2021).
Continued research on alterations in precipitation and temperature patterns would contribute to
the understanding of impacts to California tiger salamanders and California red-legged frogs and
improve management capacities. Additionally, understanding the limits or plasticity in the
thermal tolerances of both species might reveal mitigation strategies in the face of climate
change (Cattenazzi 2016).
Increased research on the impacts of diseases such as BSal would be beneficial to
California tiger salamanders. While BSal has shown to have devastating impacts on some
salamander populations; little is known regarding its specific impacts to California tiger
salamanders (Martel et al. 2014; Yap et al. 2015; USFWS 2017). While BSal has not yet been
detected in California, it is predicted that BSal will eventually spread and could have detrimental
effects on California tiger salamander populations (J. Alvarez, pers. comm., October 13, 2021).
Additional research on other diseases such as ATV, BD, and the parasite Ribeiroia may also be
beneficial, especially considering that climate change may facilitate disease spread (Pounds et al.
2006; Adams et al. 2017).
An increased understanding of upland and aquatic habitat use by California tiger
salamanders and California red-legged frogs would be valuable to improving habitat
management. There remains much to learn about the aquatic and upland vegetation preferences
for both species, particularly regarding percentage of cover and species composition (Ford et al.
2013). The movement of both species across terrestrial landscapes also requires further study to
better understand what specific upland areas are used and how they are utilized (Wang 2009; J.
Alvarez; J. Wilcox, pers. comm., October 13, 2021).
Genetic bottlenecking is another area in need of additional research. As habitat loss and
fragmentation inevitably continue, population isolation and lack of genetic flow may become an
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increasingly pressing concern. Genetic bottlenecking may have devastating impacts on entire
populations and management will benefit from increased research on its effects and how it can
be addressed (J. Wilcox, pers. comm., October 13, 2021).

14. Conclusions
As biphasic amphibians that are dependent on both aquatic and terrestrial habitat, the
California tiger salamander and California red-legged frog are particularly susceptible to a wide
variety of anthropogenically induced threats (Alford et al. 2001; Cushman 2006; Rannap et al.
2009). Because both species are legally protected and receive abundant focus from state and
federal agencies, practical and effective management is of great importance. The sympatric
nature of the California tiger salamander and California red-legged frog provides opportunity for
both species and their habitats to be managed jointly (Alvarez et al. 2013b). While past plans
have addressed these species, shortcomings often exist, and updated information and
management recommendations may serve to improve the overall management of both species.
California tiger salamanders, California red-legged frogs, and their habitats are dynamic, and
require an adaptive management approach. Therefore, management plans should be regularly
updated and improved based upon the latest research and information.
While aquatic habitat is often the focus of California tiger salamander and California redlegged frog management, both species require connectivity between suitable upland and aquatic
habitat (Sorer 1925; Jennings and Hayes 1994). Management plans should be developed with
this in mind, highlighting strategies that address the needs of both upland and aquatic habitat.
Grazing is one of the most useful management tools as it offers a passive and cost-effective
method for enhancing both upland and aquatic habitat conditions and improving connectivity (J.
Alvarez; J. Wilcox, pers. comm., October 13, 2021). Other effective management strategies such
as non-native species removal, maintenance and creation of aquatic habitat, construction of
wildlife crossings, and disease monitoring and treatment may also be effective in improving
habitat (J. Alvarez, pers. comm., October 13, 2021). Implementation of these practical
management tools not only addresses many current threats facing the California tiger salamander
and California red-legged frog but may also help mitigate future deleterious effects associated
with climate change.
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The importance of site-specific management cannot be overstated. The recommendations
detailed within this document are not intended to serve as a one-size-fits-all solution to all sites
supporting California tiger salamander and California red-legged frog populations. Individual
sites and populations have their own specific needs and managers should implement
management strategies that best address those needs. Surveying and monitoring should be used
to determine the management requirements of a particular site and may provide insight into the
effectiveness of management strategies. Finally, further research is needed to improve the
understanding of California tiger salamander and California red-legged frog biology, habitat use,
and threats, and is vital to the continued refinement of management strategies and recovery of the
species.
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